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PKKFACE. 



I HiVE taen led to believe that a popular work oa the microscope and itsrevelatious would 
at onee be interesting and naeful, and this belief has resulted in ihe present treatise, which 
aimplyeshihita and describee some of the most rate and curions objects of the uiictosoopio 
world, amd the modes of preparing them for (.haervtttion under the microscope ; together with 
a, short account of thia instrument 

In the preparation of this volume liberal nse has been made of the discoveries of the dis- 
tinguished Ehrenberg, and I have also drawn copiously from tlia writings of Grew, Adams, 
Pritchard, Mantell, Carpenter, Quekett, Hogg, Beale, and others; and from these tlio greater 
part of the illuatrationB have also been obtained. Without specifying other portions of the 
book, the chapter on OEyatalliiationa (eioept the remarks upon snow] is the result of my own 
observations, and the drawings it contains are the representations of actual orystalliiations, 
seen and drawn by the artist. Besides these delineations many other original drawings and 
cuts are scattered throughout the work, 

Aknowledgeof the wondrous revelations of the microscope cannot but be interesting; yet 
I trust that the perusal of this little volumo may subserve a higher purpose than to while 
away an idle hour ; that it will enkindle in the reader a desire to use this noble instrument, and 
by its aid to explore for himself the hidden realms of Nature. A few years ago the microscope 
was simply r^arded as a costly toy, but now its value is appreciated in almost every depart- 
ment of physical scienue. The information it affords the physician in reference to tie tissues 
of the human body, the nature of diaoasos, and the constitution of the blood, is beyond all 
price. 

The microscope detects the " ingredients invisible to the naked eye, whether preoipiiatad 
in atoms or aggregated in crystals, which adulterate our food, drink, and medicines, and reveals 
the lurking poison in the minute crystals nhioh its solution precipitates. " 

la the department of vegetable physiology it enables the observer to study the incipient 
forms of vegetable life, and the structure of the most delicate tissues. To tlie geologist and 
zoologist it is indispensable, for without it they could not i-ead the records of the rocks, and 
would know comparatively nothing of that luxuriant vegetation which once abounded on the 
globe, nor of those minute animal organisms whose remains are now entombed in the lime- 
stone strata and ranges of the earth. 

Moreover, in the world revealed by the microscope we trace the workings of Infinite Bene- 
volence, as visibly impressed on minute forms and organizations as in the starry vault em- 
blazoned upon its rolling worlds. Here we lentn with new force the harmony of Hature with 
fievelation, and how true it is, " that a sparrow shall not fall to the ground without our 
Father." 

HiBXrOttn, Oi.| August 0, l&il. 
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VIEWS OF THE MICROSCOPIC WORLD. 



INTEODUCTORY CHAPTER. 



Microscopes are divided into two classes, s ngle tin 
croscope in its simplest form is a convex lens, nnd tl e 
passes at once to the eye of the observer; the 
object being magnified iu the ratio of the/ocoZ 
distance of the lens to the limit of distinct 
m»ion, which varies iVom 5 to 10 laches it "" 
ferent persons. A single microscope is vi . 
sented by Fig. 1, where A B is the lens; D 
an object placed in the principal focus of the 
lens, at the distance H I ; and E F the magni- 
Qed image, seen at the distance of distinct vision 
by the eye at N. The image exceeds the ob- 
ject in length and breadth as much as N K is 
larger than H I. 

The compound microscope must have at least 
two lenses, viz., the object-glass and the ei/e-glaxn. 
The office of the former is to produce a magni- ^^- !■ 

fied image of the object, which im£^ is again magnifled by the eye-gl 
nil object; the eye-glass being, in fact, a single microscope. The compound n 
scope is represented in Fig. 2j where A B is the object, D C the objeet-glas! 
and S B the image of the object formed by the object-glass, so situated as to b 
in t!:e piincipal focus of the eye-glass 
0- H. By this lens the divergent rays 
of light proceeding from the image Fi!, 
have their directions so changed, that 
enteriiig the eye on the side of the lens 
G P H, a second magnified image is 
dearly discerned at K L, at the limit 
of distinct vision. The entire mag- 
nifying power of the instrument is 
equal to the combined effect of the two 
t.'las.=es, and is estimated as follows : 
The image F E is as much larger than 
UiH object A B, as its distance from 
the centre of the object-glass C D ex- 
ceeds the distance of A B from the same 
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point ; and the image K L is as many times greater than F B, as the limit of <3is- 
tinct vision exceeds the principal foci. 

This ia simply the rudimentary form of the compound microscope. As now con- 
structed, bot^ ibe eje-plece and the object-glaaa consist of a combination of lenses 
by which the removal of very serioua optica! imperfections is effected. A full 
description of these combinations, and of the nature of the errors they correct, can 
be found in any good treatise on Optics. 

A very serviceable and welUconstructcd compound microscope, and one every 
way adapted to tiie wants of the majority of microscopists, is "McAllister's Stu- 
dent's Microscope," which is represented in the frontispiece. 

This instrument, when inclined, as showa in the engraving, stands twelve inches 
high. The base B is of iron, lackered, with uprights to receive the axis upon 
which the body inclines. The tube T is of brass, with extension draw-tube. 

The first adjustment for the focus is made by means of a delicate watch-chain 
controlled by large milled head-screws, M M, on each side of the tube ; this adjust- 
ment is extremely sensitive and exact, even with the liighest powers of the instru- 
ment. In addition to this there is a micrometer adjustment attached to the sta^. 

The stage, 8, is made of braas, and has brass springs to hold the object A dia- 
phragm plat«, D, is placed below the stage, and the latter is also furnished with a 
pair of iorceps, F, which are very oonveniant for holding an object for examina- 

The mirrors, C P, concave on one side and plane on the other, are employed 
for reflecting light upon the object which is placed over the opening, 0, in the stage. 
The mirrors are so mounted that they can be turned in any direction. 



MioROMETEBS. — In examining objects with the microscope it is often desirable to 
ascertain their exact dimensions. Measuring-instruments, called micromtterSf are 
therefore sometimes applied to the object itself, and sometimes to the magnified 
image. Wheu applied to the object the stage jnierometer is employed, which con- 
sists of a slip of glass upon which parallel lines are evenly ruled with the point of 
a diamond, so close together that 2,500, and in some oases 50,000, occupy only the 
space of one inch. This apparatus is placed upon the stage, and the object exam- 
ined measured by it. Of the second kind is Jackson's micrometer slide, which ia 
so arranged in the eye-piece of the microscope that it can be brought over the mag- 
nified image by means of a screw. 

The Diaphragm,— To the under surface of the stage is generally affixed a circu- 
lar plate of metal pierced with holes of various diameters ; this is called a diaphrr^m. 
It is used to modify the amount of light thrown by the mirror through the orifice 
in the st^ie upon the object. By turning the plate the holes can be brought suc- 
cessively under the opening in the stage. 

The Illumibation of Opaque Objects. — This is effected in several ways : 1st. By 
condensing the hght upon the object by means of a large, simple, plano-convex lens, 
called a bull's-eye condenser, 2d. By concentrating light upon the object by means 
of a metaliic mirror fitted to the side of the instrument, 3d. By causing the rays 
■of light reflected from the mirror, and passing round the circumference ofthe object, 
(o impinge upon a concave annuJar refledor, called a lieberhulm,. This mirror is adapt- 
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ed to the object-glass, and from it the rays are reflected downwarda andbronght to 
a focus upon the object itselE 

The Cameha Lucida. — -This instrument is fitted to the eye-piece of the micro- 
scope, and enables the observer to sketch upon a paper placed upon the table the 
magnified image of an object seen in the microscope. In Naohet's camera the in- 
strument consists of a triangular glass prism, having its three faces and angles equal. 
Fig. 4 shows this instrument mounted in a cap which fits the top of the eye- 
piece. 

To the accessary apparatus already mentioned may be added the animalcule 
cage, the machine for cutting circles of the glass, dissecting-scissora, and knives ; 
glass-tubes, needlea, the metallic stag^, spirit-lamp, and hand forceps; the compres- 
sor and the machine for cutting sections of wood, and some others. 



Without entering iato the subject of polarised light, it is he e a fll ent to 
say, that when certain objects are viewed under tJie microscope ly p la 11 ght 
instead of common light, they glow with the moat splendid and g u 1 
In order that the light employed may be polarized a special appa at empl y d 

which can be readily attached to the microscope. This appaiatua con.ists of a 
Nichol's prism, placed below the stage of the microscope, and called a polarizer ; 
and an analyaer, which is usually alsoa Nichol's prism setinabrass tube, andinaert- 
ed in the body of the microscope directly behind the object-glass. 



As the mioroscopist not merely desires to prepare objects for present exami- 
nation, but also to preserve them for fiiture inspection, various modea have been 
adapted to effect thia end, according to the diflerentnatureof the objects to be pre- 
served. Theae modes are included under the general term of " mounting." j^ant- 
parent objects are mounted upon slips of clear glass, 3 inches by 1 inch, or 3 inches 
by 1^ inch. There are three modes of mounting transparent objects, via., the 
dry way; in some preserving fluid ; and inCanada balsam, Opaqitt objects may be 
fised upon apiece of black paper gummed to the slide, or mounted on flat disks of 
card or cork. They may also be placed in shallow cells resembling thin pill-boxes. 
In all cases opaque objects should be placed on a black ground. 

All objects intended for microscopical observation should be protected by acover 
of thin glass, in order to prevent the entranceof dust and to exclude the air. The 
fluid also in which many objects are placed for examination would riae in vapor, 
which would condense upon the object-glass and occasion great inconvenience if 
it were not prevented from evaporating by a thin glass cover. The glass cover 
should not press upon the object, lest it should impair its distinctness or destroy 



This evil is avoided by placing some substance, slightly thicker than the object, 
around it and between the glasses, thus forming a little cavity for the specimen, 
which may then be covered with thin glass without risk from pressure. This 
cavity is called a ixU. 
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Cells may 1) mp d f arious raftterials; !ovdry objects a small ring of paper, 
card-board, gi tt pe I ulcanized India-rubber may be fixed upon the slide 

by cement ; the h] t th placed within it and covered by thin glass, which is 
cemented to th Id t tl dges. 

If the oel! is to contain fluid, some substance must be employed which is not af- 
fected by moisture. Cells of rJiiskind are formed by gold aize, a solution of asphaltum 
dissolved in alcohol, and marine glue. In making a cell wilh marine glue, the glass 
slide must be warmed upon a metallic plate heated by a spirit-larop. When hot 
enough a small piece of glne is allowed to melt upon the slide, and is moved round 
and round in the position in which we wish to make the wall of the cell. When the 
glue is allowed to cool, any excess may be removed from the slide by the aid of a 
sharp knife, and the glass still further cleaned by using a solution of potash. The 
surface of me glass to which a cement is to be applied should be roughened b^ 
grinding, as the cement adheres better than when the glass is polished. Glass js 
cemented together with marine glue, which is regarded as one of the best cements 
that can be employed. In addition to the modes already mentioned, cells may be 
formed from tinfoil and pieces of perforated thin glass. In making large cells of 
thin glass, the edges are united together by means of marine glue. 

Cement. — The chief cements employed in microscopical work avegold tite, sealing- 
wax varnish, a solution of shell-lac, a solution of asphaltum, marine glue, Canada 
balsam, gam, and French cement. 

Gold size, for microscopical purposes, is made by boiling 25 parts of hnseed oil 
with one part of red-lead, and a third part of as much nmber, for three hours. The 
clear fluid is to be poured ofl" and mixed with equal parts of white-lead and yellow 
ochre, which have been previously well pounded together. This mixture is to be 
added to the fluid in small successive portions and thoroushty incorporated with it; 
the whole is then agiun to be well boiled, and the clear fluid poured off for use. 

StoKrej-iuoaj vamiah is made by dissolving the best sealing-wax in moderately 
strong alcohol. 

The fhell-lac solution, which is very useful in cementing down the thin glass 
covers, is made by dissolving shell-lac in alcohol. 

The solntion of asphaitam. is prepared by boiling together a quarter of a pound of 
asphaltum, and four and a quarter ounces of tinaeed oil, which has been previously 
boiled with half an ounce of litharge until quite atring;y ; the mass is then to be 
mixed with half a pint of oil of turpentine, or as much as is required to make it of 
a proper consistence. It is improved by being thiclteaed with lamp-black. This 
cement is soluble in oil of turpentine. 

Marine glue is made by dissolving sepnraiely equal parts of shell-lac and India- 
rubber in coal or mineral naphtha, and afterwards mixing the solution thoroughly 
by the aid of heat. It may be rendered thinner by the addition of more naphtha. 
Marine glue is readily dissolved in naphtha, ether, or a solution of potash. 

Oamima haham is a pure turpentine, which becomes soft on the application of a 
gentle heat. It is chiefly employed for mounting hard dense structures; and in 
consequence of its great power of penetrating textures, and highly^ refractive prop- 
erties, the structure of many substances which cannot be distinguished in the 
ordinary mode of examination is clearly seen when immersed in this medium. 
I/tgu>d gum is made by placing common sum-arabic in cold water, and then keep- 
ing the bottle containing it in a warm place until the solution has become thick. 
This preparation is found very useful in fixing the thin glass covers, when object* 
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are mounted in the dry way, A solution may also be made by dissolving the pow- 
dered gum in diluted acetic acid. 

JVencA cement consists of lime and India-rubber, and is very valuable for mount- 
ing large microsoopioal preparatioaa. It is made in the foilowing manner : A 
quantity of India-mbber scraps is carefully melted over a clear fire in a covered iron 

!iot, and not suffered to catch fire. When the mass is quite fluid, lime in a per- 
ectly fine powder, having been slaked by exposure to the air, ia added in small 
quantities at a time, the mixture being kept well stirred. When moderately thiek 
it is removed from the fire, and is then well beaten in a mortar and moulded in the 
hands until it has the consistence of putty. It may be colored with vermilion or 
any other coloring matter. The principal advantages of this cement are that it 
never become perfectly hard, thus permitting considerable alterations to take place 
in the fluid contained in a cell without permitting the entrance of air, and it also 
adheres very firmly to the glass, though the surface of the latter should be smooth. 

The cements which have been described are employed for forming cells, Bxing 
glass cells upon the glass slide, cementing the cover upon the prepared object 
after it has been placed in the cell, and for other microscopical purposes. 

Preserving Fluids. — Objects which would lose their peoaliarities by drying, can 
only be preserved in anything like their original conditioo by moistening them m 
fiuid ; and the choice of the fluid in each case will depend not only upon the 
character of the object, but also on the purpose sought in its preservation. 

For the preservation of minute vegetable forms, and also of a great number of 
animal sutitances, Dr. Beale recommends the following preparation : Mix 3 
drachms of crecmote with 6 ounces of wood naphtha, and add in a mortar as much 
prepared chaHc as may be necessary to form a thick smooth paste. Water must 
be gradually added to the extent of 64 ounces, a few lumps of camphor are then 
thrown in, and the mixture allowed to stand in a lightly covered receptacle for two 
or three weeks, with occasional stirring ; after which it should be filtered, and pre- 
served in well-stopped vessels for use. 

Of late years glgceHne has been much used as a preservative fluid, as it allows 
the colors of vegetable objects to be restored. The best preparation of the kind 
is made by mixmg one part of glycerine to two parts of eamphor-viater. Osane'a 
Qdatme is one of the most convenient fluids for preserving the larger forms of 
confervEB and other microscopic algre. This is prepared by soaking 1 ounce of 
gelatine in 4 ounces of wafer, until the gelatine is C[mte soft, and then adding 5 
ounces of honey, previously raised to boiling heat m another vessel ; the whole 
is then to be made boiling hot, and when it is somewhat cooled, but is stiU per- 
fectly fluid, 6 drops of creosote and i an ounce of akoftol, previously mixed to- 
gether, are to be added, and the whole is then to be filtered through fine flannel. 
When required for use the mixture must be slightly warmed, and a drop placed 
upon the preparation on the glass slide, which should also be warmed a little. 
Nest, the glass cover, having been breathed upon, should be carefully laid on, and 
the edges covered with a coating of asphaltum cements 

A mixture of gelatine and ^ycerine, in equal parts, has been used for the 
same purpose. A solution of chloride of calcium, in three parts of water, is also 
employed by vegetable mieroscopists. This last solution has the disadvantage of 
not preserving color, but the advantage that it does not dry up in the cell. 

For the preservation of animal tissues, a mixture of one part of alcohol to five 
parts otwater answers tolerably well 
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The best fluid for this purpose i: 
made by dissolving 4 ouncea of coarse sea-saif, 2 ounces of ahmi, and 4 grains of 
corrosive eublimaie in 4 pints of boiling water. This mixture should be carefully 
filtered before it is used, and, for all delicate preparations, it may be diluted witli 
an equal volume, or even with twice its volume of water. This aolutioa must not 
be used where any calcareous texture, as shell or bone, forms any part of the pre- 
paration. It is veiy valuable for preserving anatomical specimens. 

A solution of chromic acid is well adapted for preserving many microscopical 
objects. It is particularly useful for hardening portions of the nervous system 
previous to cutting them into thin sections for examination. This solution is pre- 
pared by dissolving a sufficient amount of the crystals of the acid in distilled water 
to make tlie liquid of a pale straw-color. " It is often quite impossible," says Dr. 
Carpenter, "to tell beforehand what preservative fluid will best answer for a par- 
ticular kind of preparation, and it is always desirable, where there is no lack of 
materia!, to mount the same object in two or three different ways, mai'king on 
each dide the method employed, and comparing the specimens from time to time, 
flo as to judge how each is affected," 

Having alluded to the different ways of mounting objects, explained the mode o£ 
preparing cells, and described the various cements and preservative fluids used for 
microscopic purposes, we will now unfold more fully to what transparent objects 
the different modes of mounting are adapted, and also the process of mounting. 

Mounting in Ike Dry Way. — There are certain objects which, viewed by transmit- 
ted light, are more advantageously seen when simply laid on glass than when im- 
mersed in Said and balsam. This is the case with sections of bones and teeth, 
and with the scales of Lepidopterous and other insects whose surface- markings 
are far more distinct than when mounted in any other way. These objects, how- 
ever, must be protected by a glass cover, so attached to the glass slide as to keep 
the object, in its place, besides being itself secure. To effect the latter object, gold 
size mixed with lamp-black can be employed. If the object has any tendency to 
cur! up, and to keep off the cover by so doing, it will be useful, while applying the 
gold siae, to press the two pieces of glass together by means of a spring clasp, 
such as is used for fastening clothes to the line when drying. The slide should 
be kept clamped until the gold size is sufficiently dry to hold down the cover by 
itself 

Another mode is to put a little dot of ink in the very centre of the slide, on the 
side opposite to the object, and direotiy below the place it is intended to occupy, 
so as to act as a guide during the process of mounting. Now place the object 
carefully over the ink-dot, put the thm glass cover very lightly upon it, and fasten 
it down with two or more strips of thin paper, which are to be pasted or gummed 
round its edges. Two dry objects may be mounted upon the same slide. 

Mounting in Fhiid.—As a general rule, it is desirable that objects which are to be 
mounted in fluid should be soaked in the particular fluid to be employed for some 
little lime before mounting; since, if this precaution be not taken, air-bubbles are 
veiy apt to appear. 

The tissues of animals, parts of insects, and vessels of plants, and all such objects 
as would lose their characteristics if prepared in any other way, are mounted in 
fluids. The process is as follows: 

Clear the glass slide with a weak solution of ammonia or potash, and wipe it 
dry with a piece of chamois leather or cotton velvet. Put a drop of the preserving 
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fluid into the cell, then place the object in it with a small pair of forceps, and spread 
it out very carefully with the point of a needle, taking care to remove any air-bub- 
bles that may appear. 

The thin cover may now be placed upon the cell, one side being first brought 
down upon its edge, and then the other, and if the cell has been previously run- 
ning over with the fluid, it is not likely that any air-spsce will remain. All super- 
fluous fluid is then to be taken up by blotting-paper, and the surface of the cell 
and tlie edges of the cover made perfectly dry. When this is done, the cell may 
he closed by cementing the edges of the cover and the sides of the cell by a thin 
layer of size or asphaltum. 

Mounting in Canada Balsam. — Among the various objects which are advanta- 

feously mounted in this way are sections of shell, dry vegetable preparations, the 
ard portions of the structure of insects, the homy tissues of the higher animals, 
and also many organized substances, both recent and fossil. The great obstacle 
eacountered in mounting objects in Canada balsam is to keep them free from air- 
bubbles, but by proceeding in the following manner this difficulty is usually over- 
r Take a curved glass tube, put some balsam into it, cork up the wide end, and 



let it stand upon its, end until wanted. Upon the metallic table place the glass slide, 
light the apiril-lamp and put it under the table, so as to warm the slide throughout, 
but not to overheat it. Then take the object, as a seed for instance, put it into some 
spiritsofturpentine, and let it wait there while the slide is becoming warm. The next 
process is to remove the lamp and to hold the tube containing the balsam over the 
flame, when the balsam will immediately run towai'ds the orifice at the small end, 
and a drop will ooze out. This drop should be placed on the centre of the slide, 
and the seed taken out of the turpentine is then laid upon the warm balsam and 
gently pressed into it with a needle. With the needle turn the seed about so as to 
make sure that no air-bubbles are clinging to its surface. Now take a thin glass 
cover, perfectly clean, warm it over the spirit-lamp, and lay it carefully and slowly 
upon the balsam. Press it slightly down, and then, having placed on the cover a 
small circle of pasteboard, put the slide within the clothes'-line clamp already men- 
tioned, and then lay away the slide till the balsam has hardened. The superfluous 
baisam which will be found adhering to the edges of the glass cover may now be 
removed by soraping it away with a knile, and then the slide more thoroughly 
cleaned by wiping it with a rag moistened with spirits of turpentine or ether. 

0/ IitjectioM. — The arrangement of the minute vessels or capillaries distributed 
throughout various textures is not to be demonstrated, in afl instances, by the usual 
method of investigation, in consequence of the transparency of the walls of the 
tube, and can only be well shown by means of injections of coloring matter. The 
art of making these preparations is one in which success can only be attained by 
long practice ; and better specimens can therefore be obtained from those who have 
made it a business than are likely to be prepared by amateurs. Injections form 
very interesting objects for microscopic examination. 

Any one who wisijes to study more in detail and in all their minuti:e the various 
subjects which have just been discussed, can consult with great advantage such 
works on microscopy as those of Quekett, Carpenter, Hogg, Beale, and others. 
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CHAPTER I. 



" full Nature Bwiirms with life; one wondrons maea 
Of animalB, or atoma organized. 
Waiting the vital breath when Parent-Heaven 
Shall bid His spirit hlow. The hoary fen, 
In putrid atreama^ emita the living oloLid 
Of peBtJlenoe. Through aubterraneao oeUe, 
Whore ssarohing aunbeatns acaroe can find s, vray. 
Earth animated Iteavea — and where the pool 
Stands mantled o'er with green, invisible, 
Amid the floating verdure millLona etcuf. 
Each liquid too, whether it pieroea, aoothes, 
Jnflamea, refreshes or exalta the taate, 
With various forms abounds. Kor la the stream 
Of purest crystal, nor the lucid air. 



The (larae of ii^fasorial aniinalcales has been given to various species of minute 
living beings, viihich were first (iiscovered in vegetable infusions; tliat is, in waXet 
containing vegetable matter. From tho latter circumstance they received the ap- 
pellation infusorial., and in oonseq nee f th ir b ng dingly small they were 
termed aniraahalm or little animal 

It was supposed by the earlier t altthtth am Icules, whose existence 
was thuH detected, were confined to t nf b t it is now well ascer- 

tained that there is no necessary conn t n b tv u h m and the vegetable in- 
gi-edients, except to this extent th t h 1 tte J f 'orable circumstances, 
may perhaps facilitate the deve! pm t f th gg f t\ ese living atoms, and 
afford a proper nourishment for th n m 1 1 tl h il tlie stages of its exist- 
As this department of nature b mm th u I ly and widely explored, 
new species of animalcules wer d 1 nd tl ral term of infusorial 

animalcules has therefore been s I^dntagfitonasto embrace, not 
only that class of minute beings that are found in vegetable infusions, but all those 
that possess the same marked peculiarities of sljuoture, wherever discovered. In 
the gushing fount, the rippling brook, and the placid waters of. the lake, infusorial 
animalcules exist in countless numbera^ofteri swarming to such an extent as even 
to color the element in which they live. One species tinges the water with a 
blood-red hue, another causes it to appear of an intensely vivid green; while a 
bright yellow hue indicates the presence of a difierent species. They are lilcewise 
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found in strong acida, and in the fluids contained in animal bodies and living plantB, 
and have also been detected alive in moist earth, sixty feet below the aurfaoe of the 
soiL The broad rivers are their home, and far from shore, upon the tropic seas, 
the ocean swarms, for leagues, with their congregated myriads ; and as ^e baric 
of the mariner nightly cuts the wave, tiie dazzling track it leaves upon the waters, 
and the fiery spray that flashes from its bows, tell of the presence of life enshrined 
within an infinity of living atoms. Nor is the bed of the ocean without ite minute 
inhabitants ; for the mud brought up by the deep sea lead, from the depth of six 
teen hundred feet, is foil of organic life. There is also every reason for believing 
that the atmosphere abounds with the eggs of animalcules, as it does with the 
seeds of minute plants; and that these germs, being inconceivably light, are raised 
by evaporatioD, and borne about hy the winds in unseen clouds; ready to burst 
into life whenever a concurrence of^ favorable circumstances facilitates their devel- 
opment. Lifted at one time to the lofliest mountain tops, at anotlier carried down 
to the lowest dells and deepest caverns ; they cross seas, sweep over continents, 
and intereliange climes and seasons. In this manner are these invisible forme 
disseminated over every part of the world; for -nheieiei investigations have been 
prosecuted, infusorial animalcules have been discovered. 

Through the patient and presevering labors of dis,tmguished naturalists no less 
than as many as several hundred different species of animalc lies hive feen dis 
tinotly recognized and delineated, and grouped inlo families and classes distin 
guislied from each other by their forms, manner of progression habits and modes 
of reproduction. One kind, the Ophrydinie, is found embedded m \a8t numbers 
within a gelatinous mass of matter of a greenish hue, whith is sometimes adherent 
and sometimes free, and may attain a diameter of four or five inches, presenting a 
strong resemblance to frogs' spawn. These masses result from llie individual ani-. 
maicule propagating by self- di vision ; each living atom being connected with the 
rest by a gelatinous exudation from the surface of its body. Other infusoria possess 
the power of changing their forms at will, and in the space of a few minutes pass 
through a variety of curious and grotesque shapes. 

Another class shoot up in the form of beautifiil shrubs, crowned with bell-shaped 
flowers, whose margins are encircled with a fringe of slender hairs ; but the flower- 
cups are living beings, and the mimic tree is instinct with vitality in every branch. 
At one moment, it is seen spreading outward and upward from the base, with all 
its living flowers in full expansion; and atfJie nest, should danger threaten, every 
shoot suddenly contracts, and the whole group of animalcules shrink down in 
spiral coils, into the smallest compass. The great variety of form possessed by 
these interesting objects can only be fully conceived by examining those works in 
which they are accurately delineated. In the great work of Dr, Ehrenberg, they 
are beheld in all their beautiful and singular proportions. This splendid volume, of 
folio size, contains sixty-four plates, filled with several hundred infusorial shapes, 
drawn and colored from nature ; all of which he regarded as true animals. Some 
resemble globes, trumpets, stars, boats, and coins; others assume the forms of eels 
and serpents; and many appear in the shape of fruits, necklaces, pitchers, wheels, 
flasks, cups, funnels, and fans. 

But the minuteness of these beings ia no less sumrislng than the diversity of their 
forms. Myriads of the Bpistylis botrilas, which belongs to the family of the flower- 
cup animalcules, might be contained in a drop of water, for it has been computed 
Inat within this small space, not less than tkirUen mUliont could be comprised; and 
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this calculation is not to I)e regarded as unworthy of confidence, inasmueh as the 
Epistylis is known to attain a length no greater than the twenty-four Aandredth 
part of an inch. In the case of the Ophrydinw already described, a cubic inch of 
the gelatinous matter in which they are embedded haa been estimated to contain 
no less than eight million distinct beings ; a fact which, when taken in connection 
with others of the same nature, render it highly probable that the living beings of 
the microscopic world surpass in number those whicli are visible to the naked eye. 

Struoturb. — The outer covering of infusorial animalcules is of two kinds; the 
first soft and yieltling, resembling Uie skin of the leech and slug, and so far capable 
of expansion and contraction as to adapt itself to the state of the animalcule whether 
distended or not; the second presenting theappearance of a firm, transparent shell ; 

Set possessing a flexibility like horn. Those animalcules that are protected by the 
itter integument are termed loricated, from the Latin word hnca, a shell; while 
the name iUoricafed or ahellegs is assigned to those which are invested with the 
softer and more perishable covering. The materials that compose the shell vary in 
different species; in many instances it eonsista entirely of flint, and in others of 
lime united with oxide of iron; in some eases it is combustible and in others not. 
In several kinds, the lorioa, in the form of a jar or cylinder, entirely surrounds the 
animalcule, while in others it is shaped like a shield, and protects the living atom 
to which it belongs, as the shell of the turtle defends its sluggish inhabitant from 
external danger. 

Many animalcnies which may be classed as iiloricated have yet a flrmer covering 
than others belonging to this division. It consists of a gelatinous membrane hav- 
ing a bell-shaped cylindrical or conical figure, closed at the lower end, but open at 
the other, tiii-ough which opening the animalcule may protrude itself. 

It was formerly believed that the smaller species of animalcules were entirely 
destitute of esternEd. organs; but such improvements have now been made in the 
construction of microscopes, and the organization of the living objects has been 
rendered i ' ' " ' " ' '' "'' ' i>--j--- -i -- -- -•- -■■ - ■- 

stances be 
founded. 

These external organ*! vary in kmd in different animal ilea but the o e which 
is the most remarkable and is common to al! Intusona i % slen ier (ilami,nt 1 ke a 
hair, situated near the mouth and from its striking resemblance to ai eyehsh is 
known by the name of c(iM » the Lat a woid for eyelash 

The cilium is employed i y the animalcule tor the purpose of motion and also 
for that of procuring food Using this member as an oir the creature moves 
swiftly through the water and so curious is the action of tin propeller that 
the very stroke which effects a progressive motion ciuses ai the sime time a 
current to set towards the mouth of the an maloule beat ng iti prey and food 
within its reach. 

In addition to the officei of the cil B*ju=it described they are supposed by some na- 
turalistB to be theprtncipil nstruments for respiration tothe Infusorial woi Id inas- 
much as similar appendages are found encirclmg the gills or beard of the oyster and 
muscle, and other animals of the like nature. It is by means of the gills that these 
creatures inhale the air contained in the water, and the cilia, by causing currents to 

■ CiUa, the plural of dHam. 
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flow towards these organs, furnish a contimial supply of fresh air. According to 
Mantel), " recent discoveries liave shown that cilia exist also in the internal organs 
of man and other vertebrated animals, and are agents by which many of the moat 
important functions of the animal economy are performed," 

When an animalcule is examined, this delicate member easily eludes ohaerTation, 
but if the creature is placed in a drop of wat«r colored with indigo or carmine, tlie 
little whirls and currents created by the action of the cilia are readily detected 
under the miotosoofie ; and upon the evaporation of the water from the glass slide, 
a fine streak upon the surface indicates ita existence and position. 

These slender organs are variously arranged in different species of Infusoria. In 
some they are extended in rows throughout the entire length of the animalcule, 
and in others are distributed over the whole surface of the body. Fringes of cilia 
encircle the mouths of some, while in many kinds, the circles of cilia forming into 
bands, surround certain projections issuing from the upper part of the hody. Nu- 
merous species are furnished with only two of these filaments projecting from the 
mouth, and nearly equal to the body in length. The base of each ciliam terminates 
in a bulb, and when the organ is in motion its point describes a circle, while the 
globular base aimply rolls round upon the surface to which it is attached. An idea 
may be gained of^this motion by holding the arm out stiffly and swinging it roond, 
fio as to describe a circle in the air with the point of a finger ; the arm then corre- 
sponds to one of the cilia, and the ball of the shoulder-joint to. the bulb upon which 
the cilium turns. The motion is doubtless performed by muscles, and Ehrenberg 
■considers that he has not oftly discovered their existence in some of the larger In- 
fusoria, but also the arrangement of the fibres that compose them, 

The bauds and coronets of cilia which encircle certain classes of animalcules 
present, when in motion, asingular appearance. Though each organ is stationary 
and revolves only around ita bulb, yet the combined action of the circular rows is 
such that they appear to revolve together, like awheel upon its asle^ and so com- 
plete is the illusion that the name of wheel-animalcules, or Eotatoria, is given to 
those which possess this peculiarity. 

Besides these organs, stiff hairs or bristles are found upon animalcules, which, 
unlilie the cilia, are devoid of rotation, but serve as supports to the body, and also 
aid these living atoms in climbing. Animalcules ai'e also found with hook-like pro- 
jections extending from the under Hide of tiie body, which are capable of motion to 
some extent, but flo not possess the peculiar movement of the cilia. Many Infusoria 
are also endowed with another kind of member, that more completely subserves 
the purpose of motion, and which they have the power of protmding or withdraw- 
ing at pleasure, as the snail extends and retracts its horns. These organs are soft, 
and by some species can be thrust out from every part of the body ; while in others, 
that are partially covered by a shell, they are confined to the uncovered portions. 

The power of extension possessed by Infusoria over these organs is much 
greater, in proportion to their size, than in the case of snails and animals of a 

In those Infusoria that are gifted with the highest organization, as the wheel- 
bearing animalcules, there appears to be a member resembling a claw, by means of 
which they attach themselves firmly to any object within their grasp. The claw 
is appended to an extended portion of the body, resembling a foot. 

Classifio Alios. — Dr. Ehrenberg divides this living world into two great classes. 
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distinguished from eacli other by their structure : viz,, the Polygastrica* or 
many stomached antiiialcult, and the Eotatoriat or wheel-animaltrak. Other micro- 
Rcopiata, however, prefer to substitute the term Infaaorial animalcules for the 
Polygastrica. 

PoLYOASTRicA. — If an animalcule of this class is viewed by the microscope, a 
number of round spots within its body will be readily detected, which are often 
quite large compared with the siae of the living atam. These spots are so many 
stomachs, connected together by a single tube, and forming the digestive apparatus 
of the creature. If the water around the animalcule is clear, the stomaclis will 
appear more transparent than the rest of the body; but if it is tinted with sap- 
green or carmine (which substances are usually employed) they will be seen more 
distinctly; fi)r the animalcule readily imbibes the colored fluid, and the stomachs 
from their transparency then appear of the same hue as the liquid; while the tint 
of the more solid portions of the body remains unchanged. The number of stom- 
achs varies in different species. 

In the annexed cut a highly magnified view of a ieU-aJiaped animakule is pre- 
sented, in which the stomachs and coronets of cilia are distinctly eshibifed. 

None of this clasa of infusoria are more than the twelfth of an inch long, and 
tiie smallest species, when full grown, do not exceed in extent the tliirty-siie 
(iaasKwftA part of an inch. Uniting, however, in infinite 
multitudes, the more minute kinds form various colored 
masses, several feet in length. The young of many o 
species are doubtless too minute to be visible even un- 
der the highest powers of the microscope. 

According to Ehrenberg the Polygastrica form a 
very extensive division of the Infusoria ; but the inves- 
tigations of later microscopists have shown that a large 
number of classes of organisms, which Ehrenberg re- 
garded aa true animals, are simplj' vegetable stJTictures, 
as will be more fully explained m the following pages. 
The number of species of the true Polygastrica is 
therefore much less than it was formerly supposed to 
be, and, consequently, the forms and conditJous of life 
at first assigned to them are now only partially true. 

Some of the Polygastrica are lorieated, and others . 
illoricated. The shells are differently formed. In o 
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« situated, and in another the 



HoTATOSiA. — The second class of Infusoria have received the appellation of 
Rotatoria, as has already been stated, from the circumstance that the circles of 
eflia which surround the upper part of the body of the animal appear when in 
motion to revolve like a wheel. The cilia are found upon no other portion of 
their body, while in the Polygastrica they are distributed over the entire surface. 
In some species the crowns of cilia consist of a single set, and in others several 

* From the Gieek pcAos, many, Emd gastSr, a ttomaeh. \ From the Latin iota, a n^ed. 
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illustration. It displays the upper part of a common wheel animalcule, with tlie 
circles of cilia, jaws, teeth, and eyes, all highly magnified. 

The Eotatoria reside chiefly in water, but are frequently found in moist 
eartJi, and some species have been detected dwelling in tJie cells of mosses and 
sea-weed. 

Eves. — By the aid of the microscope, as now perfected, naturalists hare diseoTered 
^es throughout the entire class of Botatorial animalcules ; these organs, minute as 
they are, being well defined, — a fact that indicates the existence of a nervous sys- 
tem in iJiese living atoms. The eye of larger animals is known to be an organ 
exceedingly complicated in its structure, and replete with the most beautiful eon- 
triTances to insure perfect ■vision. There is every reason for believing that the 
same is true of the eyes of animalcules ; and if this is so, how can we sufficiently 
admire the wondrous perfection and consummate skill which the Creator has deigned 
to bestow upon some of the least of his revealed works ; and above all, the unwear- 
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ied benevolence displayed in every matiifestatioii of Hie infinite power I In respect 
to the Polygastrica, Bhrenberg claims that the red-colored specks, vuhich he ob- 
served in many organisms that he included in this class, are true eyes; but from 
this conclusion other microscopists disseat, Ehrenberg insists much on the red color of 
the speck as a disianctive indication of a visual organ, but other colors prevail in the 
known eyes of insects. If it is admittad that these eye-specks have a general sensation 
of light, their optical nature isnot proved, since organisms destitute of these exhibit 
a like sensibility of the presence of light. The eyes of the Rotatoria are generally 
red, and most of the animalcules belonging to this class have two of these organs. 
In some tliree ai'e perceived; while one kind especially has the beneflt of seven or 
eight on each side of the head. A diversity exists in the arrangement of the eyes; 
in many instances they are placed in a line, side by side, in others they form a tri- 
angle. In some animalcules they are arranged in a circle, and in two species they 
unite in clusters on each side of the head. 

Ebpboiwction. — Animalcules multiply in several ways. First, they proceed from 
eggs. Secondly, they are brought forth alive. Thirdly, they increase by the 
growth of buds issuing from the body of the parent ; the buds sprouting out and be- 
coming themselves perfectly organized aairaalcales. Lastly, they are propagated 
by self- division, the body of an animalcule separating into two or more individual 
beings. 

The same animalcule is not always confined to a single mode of reproduction, but 
its countless offspring may come into existence by one or more of the ways just de- 
tailed ; one part being produced by self-division, another from eggs, and the re- 
mainder originating in buds. This circuaistance accounts for the amazing fecundity 
of the Infusoria, which almost surpasses belief; even when limited to one method 
of increase. The Rotatorial animalcules are propagated from eggs alone, and but 
a few of these are deposited at a time; yet so quickly are the young matured, that 
from a single animalcule millions will proceed in the course of a few days. Dr. 
Ehrenberg kept one of this class of Infusoria for eighteen days in a separate vessel 
of water; during this interval it laid four eggs a-day, and the youn":, when two 
days old, laid the same number; so that, continuing to multiply at this rate, it was 
found that, under favorable circumstances, the offopring of a single creature would 
amount, in the course of ten-days, to one million; in eleven, to four millions; and 
in twelve days, to sixteen millions. This is the greatest increase that has actually 
been determmed by experiment. In the other class of Inftisoria, the Polygastrica, 
the fecundity is much greater, inasmuch as they are endowed with more varied pow- 
ers of reproduction, A. single animalcule belonging to one of the larger kinds is 
known to separate, into eight, in the course of a day, by self- division; so that, mul- 
tiplying at this rate for the space of ten days, it would increase to more than one 
hundred and fifty million individuals. It Ukewise propagates from eggs, whicli 
are seen in clusters like the spawn of fishes ; and also by buds, that sprout from the 
sides of its body. When all these facts are taken into view, it is evident that the 
vast number of living beings, which in a few days spring from a creature as prolific 
ftSthiSjisutterly beyond our powers of appreciation. In truth, this animalcule, which 
is called the Paramecium, increases so rapidly in stagnant waters, in the ways that 
have been mentioned, that some naturalists have supposed that they were produced 
spontaneously from inert matter. 
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LiTK AND EEausciTATiON.— Infusorial animalcules live but a short period, for, al- 
though the duration of their life varies iu different kinds, it extends only from a few 
hours to several weeks. Wheel animalcules have been seen ia the enjoyment of 
their existence twenty-three days after their birth. The death of Infusoria is usu- 
ally sudden, and in the larger species is attended with spasms. The soft parts rap- 
idly decompose after death, and all the curious and elaborate organs of these singu- 
lar beings entirety vanish ; Dothing- appearing tu remain except the iirm, endnrmg 
shells in which many kinds of the Infusoria are encased. But, in numerous instances, 
this death is but apparent; the decay of the body does not take place, and in the 
minute speck that lies before us like an atom of inanimate dust the mysterious 
principle of life is stiil in existence. The creature may remain motionless for 
months, and even years; but when it is again subjected to influences favorable to 
its resuscitation, it awakens from its torpor, and life, with all its former energies, 
is once more fully displayed. 

This surprising phenomenon is supported by undoubted proof. When the water 
contaioing a wheel-animalcule evaporates, the creature apparently expires, becomes 
dry and hard, and may be preserved ia this state for years, if buried in sand. 
When placed in water m this condition, it will revive in a few minutes, and soon 
swim about with its wonted activity. In 1701 Leuwenhoeek observed this fact in 
wheel animalcules, and revived some specimens after keeping them dry for twenty- 
one months. Baker obtained the same result after a longer time, and Prof. Owen 
was present at the resuscitation of an animalcule after it had lain dormant in dry 
sand for /oar years. Nor is this all ; for such is the tenacity of life in these minute 
beings, that the same animalcule may repeatedly pass through these phases of ex- 
istence before it really expires. Mantell remarks that some wheel animals were 
alternately di'ied and rendered torpid, and then again revived tiaelve timei. and at 
each resuscitation were as active as at first. 

The eleventh revival was witnessed by Spallanaanl; and he leads us to infeit 
that, upon moistening a portion of sand eontainin" wheel- animalcules for the 
fifteeenth time, many of them once more awoke from their stupor ; but this was the 
last effort of vitality, for upon being dried and moistened again, no resuscitation 
occurred. The wonderful legend of the Seven Sleepers is here more than realized ; 
and in the Infusorial world the romantic fiction of Rip Van Winkle becomes a 
sober statement of fact. Thus it is that Fancy in her wildest flights seldom sweeps 
beyond the circle of truth. 

It is the opinion of Dr. Ehrenberg, in regard to this subject, that if the animal- 
cule is entirely dried up and its natural heat lost, life is extinguished, but if this is 
not the case tiie creature will remain in a torpid and motionless state, capable of 
being revived ; its body wasting awav to an extent equal to the amount of nour- 
ishment necessary for the support of its life. 

Inpluekce op Tem per atcke.— Infusorial animalcules are capable of existing 
throughout a great range of temperature, but eventually perish under extreme de- 
grees of heat and cold. If water, tilled with Polygastrio Infusioria, be gradually 
raised to a temperature of 125" Fah., these creatures will live. If the increase of 
temperature be sudden they die at 140° Fah., notwithstanding it be kept up only 
for half a minute. The Botatoria, when put in boiling water (212'' Fah.), are killed, 
hut they retain their power of revival when the water has a temperature varying 
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from 113" to 118° Fah. Some kinds, hoivever, are extremely sensitive, and are 
unable to endure an ordinary degree of warmth. This is the case with the Beil- 
flower auiinalcule, wbioh dies under examination in a hot room. Most of tha 
Polygistrica retain their vitality at temperatures considerably below the freezing 
point; but when the mercury descends as far as 7° or 8° Fah., many species can 
no longer exist. One kind of the Bell-flower animalcule still lives after being ex- 
posed to a temperature of 8° Fati. and the ice then gradually thawed in which it 
was frozen ; but not more than one individttftl in a hundred can survive this ordeal. 
The Kotatorial aniraalcnles are more susceptible, and perish when the cold is leas 

During the Antartic expedition under Capt. James Boss, animalcules were found 
existing in great abuudance In those inclement regions. In the sediment obtained 
from melt«d ice, floating in round masses, in the latitude of 70°, more than fifty 
epeeies of lorieated Infusoria were discovered alive, notwithstanding the extreme 
cold to which they had been exposed. According to Dr. Bhrenberg, when a layer 
of clear ice containing animalcules is examined under a low temperature by the 
microseope, each animalcule or group will be seen surrounded by a very small 
portion of water, which he supposes is prevented from freezing by the natural heat 
of their bodies; and he likewise believes that death inevitably ensues wiienever 
the cold is sufficiently intense to congeal this enclosing film of water. 

AiB. — Air is as necessary to existence of Infusoria as to any other class of ani- 
mated nature ; for when they are denied access to the atmosphere, and are thus 
prevented from receiving constant supplies of pure air^ life becomes extinct within 
a short time. If oil is poured upon the water containing animalcules, and the sur- 
face of th.e fluid is entirely covered with the oil, the dr is necessarily excluded and 
tte creatures speedily die. Or should the naturalist fill a phi^ with wat«r in which 
ftniroai^ules reside, and leave it corked ti|;htly for any length of Ijme, he will have 
the mortification of finding, on examination, that the fluid, once so full of life and 
activity, haa became entirely inert, and that millions of existences have passed 
away. The fact that air is necessary to the existence of Infusoria has been parti- 
cularly noticed in regard to the larger kinds of wheel-animals; for when experi* 
mente have been made by placing these creatures under the receiver of an air 
pump, they have always ceased to live soon after the air has been withdrawn from 
the vessel in which they were contuned. 

Dr. Ehrenberg affirms, that if animalcules are placed in nitrogen gas they exist 
Ibr a longer time than if they are immersed in carbonic acid or hydrogen gas. In 
the fumes of sulphur tliey quickly perish. 

Poisons. — The most powerful poisons, which mingle simply in a meehanical man- 
ner with water, like earth, do not affect the lives of animalcules placed in tiie 
mixture ; but those which unite eAemically, and are dissolved in the fluid, soon 
deprive them of their existence. One kind of Infusoria has been known to live so 
long in water with which calomel and corrosive sublimate had been mixed, that it 
was doubtful whether their death was to be attributed to the effect of those in- 
gredients or not. 

Many species of animalcules can adapt themselves to a gradual change in the 
nature of the element in which they live, but a sudden transition kills them. For 
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!, similar kinds are found at the heads of rivers where the water is freah, 
and their mouths, where the atrearaa mingle with the briny ocean. 

If sea-water, abounding with marine animalcules, is mixed by shw degrees -with. 
the fluid in which fresh-water species reside, the latter survive ; but if the mixture 
is suddenly made, they perish immediately. 

Phosphorescence of the Sea. — Various opiaions have at times been entertained 
in respeHt to the eause of this beautiful phenoraenaj but it is now uorrectly attrib- 
uted chiefly to the presence f *msl 1 which crowd the waters, in vast 
multitudes. This appearance, al 1 gh S d to no particular pan of the oceao, 
attains ita greatest splendor in he p al 1 mes, where the spectacle is often 
exceedingly grand and beautiful 

This brilliant phenomenon h gr ph lly described by Darwin in his 

" Voyage of a Naturalist :" — " Wh 1 a 1 n|^ a 1 ttle south of the River La Plata, 
on one very dark night, the sea p n d nderful and most beautiful spectacle. 

There was a fresh breeze, and y pa f I surface, which, during the day, ia 

aeea as foam, now glowed with a pale light. The vessel drove before her bows two 
billows of liquid phosphorus, and in her wake she was followed by a milky train. 
As far as the eye reached, the crest of every wave wa« bright, and the aky above 
the horizon, from the reflected glare of tliese livid flames, was not so utterly ob- 
scure as over the vault of the heavens. Near the mouth of the Plata some circular 
and oval patches, from two to four yards in diameter, shone with a steady but 
pale light, while the surrounding water only gave out a few sparks. The appear- 
ance resembled the reflection of the moon, or some luminous body, for the edges 
were sinuous from the undulations of the surface. The ship, which drew thirteen 
feet of water, passed over without disturbing these patches ; we must therefore 
suppose that some of the luminous marine animals were congregated together at 
agreater depth tlian the bottom of the vessel, or thirteen feet beneath the surface 
of the sea," 

The same phenomenon is thus depicted in the glowing language of Colton ; — 
" We had last night a splendid exhibition of aquatic Ere-works, The night was 
perfectly dark, and the sea smooth, and you might see a thousand living rockets 
Shooting in all directions from our ship, and running tlirough countless configura- 
tions, return to her, leaving their track still bright with unextinguishable flame. 
Then they would start again, whirling through every possible gyration, till" the 
whole ocean around seemed medallioned wiih fire. We had run mto an immense 
shoal of porpoises and small fish ; the sea being fifled at the same time with ani- 
malcute, which emit a bright phosphoric light when the water is agitated. The 
chase of the potpoises after these small fish created thS beautiful phenomenon de- 
scribed. The light was so strong that you could see the fish with the utmost dis- 
tinctness. They lit their own patli like a sky-rocket in a dark night; and our ship 
left the track of its keel in the wave for half a mile. I have witnessed the illumi- 
nation of St. Peter's, and the castle of St. Angelo, at Rome, and heard the shout 
of the vast multitudes as the splendors broke over the dark cope of night, but no 
pyrotechnic displays ever got up by human skill could rival the exhibitions of 
nature around our ship." That the cause of this brilliant phenomenon is correctly 
asagned to marine animals has been proved by the examination of the luminous 
water, for if it is placed in a tumbler and agitated, they immediately emit light in 
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momentary Bparka Some of these creatures are of considerable dimensions and 
others barely visible, but a great proportion are entirely mioroscopie, and require 
the aid of powerful instruments in order to perceive thetn aad investigate their 
forms and nature. 

The various species of Infusoria which illumine the ocean are extremely snmU 
in size ; &e largest do not exceed one-kiindredlh of an inch in extent, wliile the 
least hardly attain the length of one twelve-hwmredth of an inch. The phos- 
phoric light emitted by these creatures is regarded by naturalists as the effect 
of a vital action ; it appears as a single spark like that of the fire-fly, and can be 
repeated in a similar manner at short intervals. 

CoiflEED Thaots of the Ocean. — It has been ooficed by navigators in all parts of 
the sea, that extensive tracts of water are not wnfrequently discolored at a great 
distance from land. This change in the hue of the waves is caused by the presence 
of minute marine animals and Infusoria, which impart their own tint to the waters 
in which they abound, the far greater part being too small to be observed by the 
naked eye, Nearly one-fourth of the Greenland sea, comprising an area of more 
tban twenty thousand square miles, is of a deep olive g;reen hue. This coloring 
matter was discovered by Mr. Sooresby to consist of animalcules, which crowded 
the water in infinite numbers. On an avert^e, sixty-four animalcules of one kind 
were found in every cubic inch of water submitted to examination, and, on the 
supposition that they were equally numerous throughout the body of colored 
water, Mr. Scoresby computed, that a surtaoe of two square miles, and fifteen hun- 
dred feet deep, contained no less than twcmty-threB thousand mMliona of ^itillioiis of 
animalcules belonging to one species. And in order to form a more definite idea 
of this vast multitude, he remarks that the number of years required for eighty 
thousand persons to count them, would be equal to the period thathas now elapsed 
since the creation of the world, 

Thisgreensea is described as the Polar pasture ground, the animalcules affording 
an eshaustless supply of sustenance to creatures less minute, and tiiese likewise 
becoming the food of larger species, which in their turn are devoured by others of 
greater size. And thus the series continues to increase until the waters are crowded 
with numerous forms and types of animal life, the prey of the mighty monsters of 
the deep, which in vast numbers resort to these prolific seas. 

On the east coast of Greenland Mr. Scoresby also met with broad patches and 
bands of water of a yellowish- green color, as if sulphur had been strewn upon 
the waves ; and upon examining it with a microscope it was found swarming with 
animalcules. Most of them were of a globular form and of a lemon color, and 
seemed to be possessed of little activity, but the rest were in constant motion. So 
small were these creatures that the largest did not exceed the two-thoumnd(h of 
an innh in length, and many of them were but half this size. A single drop of the 
water, and that not the most discolored, was found to contain more than iiaenty-aix 
tliousand animalcules. The glass upon which the drop was placed for examination 
was ruled into small squares of equal size. The drop, when magnified linearly one 
hundred and sixty-eigct times, covered five hundred and twenty-nine of these 
squares ; and in every square, on an average, fifty animalcules were fonnd ; which 
made an aggregate of twenty-six thousand four hundred and fifty. Mr. Scoresby 
liomputed that in a tumbler of water one hundred and fifty milUom of these ammal- 
ciiJes vKuldfmd ample room, and regarding each as one-four-thousondth of an inch 
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long, a row of half a million placed cinsely side by side, would form a line only ten 
feet and five inches In extent. Off the coast of Chili, at a distance of fifty miles 
from, shore, Darwin passed in the ship Bei^le through wide bands of turbid water ; 
a sing'le tract in one case comprising an area of several square miles. When 
viewed at a distance the waves appeared red, but under the shade of the veseel, of 
a deep chocolate color, and the line of division between the red and blue water was 
clearly deSned. Upon close examination in a glass, the water assumed a pale red 
tintj aud when viewed by the microscope was found crowded with aoimaloulea one- 
thousandth of an inch long, of an oval shape, and encircled at the middle with a 
ring of cilia. They were beheld darting about in all directions andeosphding, their 
bodies bursting to pieces in a few seconds after their rapid motions had ceased. A 
stratum of red water, tweTiiu-fi>ur Tailet lo-ag and seven, hroad, is mentioned by Dr. 
Pceppig as occurring near Cape Pilares. When beheld from the mast-head it ap- 
peared of a dark-red hue, but as the vessel advanced on her course it changed into 
brilliant purple, while a rosy tint illumined the track of the keel. This water was 
perfectly transparent, but small red specks could be perceived moving through il 
in spiral lines, 

PROTOPHTTES. 

In the various infusions and iiuids in which animalcules are found, minute 
and curious organisms are frequently seen, moving rapidly about and apparently 
possessed of volition. The earlier microscopists regarded them as true animals, 
and Ehrenberg arranged them under several families (with numerous subdivisions) ; 
such as the Monadinie or Monads, the Volvocinse, Astasiaca, Bacillaria, and so 
forth. These oreanisms are now, however, considered, by the ablest naturalists, 
to be plants whicb rank amongst the simplest and lowest forms of vegetation. For 
this reason they have received the name of Protophytes, from protos, jh-d, and 
phuton, a plant, terms indicating that they are elementary forms of vegetation. 
These humble types have also been designated as confervoid algx. 

Thesimplestformof plant-life is a cell, and among tlie protophj'tes there are many 
in which every single cell is not only capable of living in a state of isolation froni 
the rest, but normally does so ; and thus every cell is to be accounted a distinct in- 
dividuii There are others again of which masses are made up by the aggre^atiou 
of contiguous cells, which, though capable of living independently, remain attached to 
one another by a gelatinous substance which surrounds them. And there are others 
also, in which a definite adhesion eiista between the cells, and in which regular 
plant-like structures are formed, notwithstanding that every cell Is but a repetition 
of every other, and is capable of Hving independently if detached. These singular 
organisms in their development exhibit two marked conditions or states ; one is 
the atiU state, the other (he motile state. 

In the still state, the cell for a time remsuns unchanged, but soon the interior 
matter separates into two parts, and these again subdivide, and the process is 
repeated again and ^ain, until sixteen and sometimes thirty-two cells are de- 
veloped from the original cell. When sixtoen celts, and sometimes when even a 
less number are thus produced by self-division, the new cells assume the mofile state; 
for being furnished with one or two threadlike appendages, or cilia, which have 
the power of producing rhythmical contractions, the cells are thereby impelled 
through the water in which they live. Erelong they lose their cilia and become 
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invested with a strong envelope, and pass into the Still state from which they had 
previously emerged. This process is continually repeated and causes the plant to 
multiply with great rapidity. 

A class of pcotophy tea, which are termed Diatomaoeie, probably frorn the readi- 
ness witli which they are cut or broken through, are distinguished for the delioiite 
shell of flinty matter which encloses the membranes of the cell. 

As the protophytes afford beautiful objects for the microscope, we shall present 
some of the most interesting forms, and their various modes of aggregation, before 
proceeding to describe the peculiarities of many of the more curious animalcules. 
We begin with the monads, 

KoHADS.— -These are the smallest of all organisms, which the wonderful power of 
the microscope has revealed to us. So minute are they, that they must be magni- 
fied linearly 300 times in order to be seen at all, and 600 times if we wish to observe 
them accurately. They appear as transparent globular or oval bodies, moving 
rapidly about in all directions. Some are of a red hue, others green, many yellow, 
but the greater part are colorless. All are possessed of one or more of the thread- 
appendages termed cilia. The monads vary in size, from one-iw&nty-/our-thou~ 
gandth of an inch in length, to one forty 'thousimd(7i of an inch. 

TwiLiOHT Monad. — In figure 8 is shown a group of twilight monads, l^- S. 
in which each individual, although exhibited as a mere point, la magnified ,*^£°if 
in length and breadth 800 times, and the space it occupies upon the W-I^j* 
paper is 640,000 times greater than that which it actually covered in the "^^t^ 
fluid in which it lived. This organism is globular in form, and presents a glassy 
appearance. It is found in water containing animal matter; but as the animal 
gubatance decomposes the monads unite, forming colorless jelly-like masses, con- 
sisting of infinite multitudes of their bodies, which are seen with the naked eye 
rising and floating upon the surface of the water. This atom is furnished with only 
a single organ of motion; a delicate oilium issuing from one end, and by the aid 
of this member it proceeds through the water with considerable rapidity. The 
twilightmonad is only the twenty-fiur-fhouaandth of an mck long, but itsometimes, 
though seldom, attains the length of one twetve-thousandlk of an inch, which it never 
surpasses. A single shot, one-tenth of an inch in diameterj occupies more space 
than seuenleefi hundred ndUions of these structures in their fiiU dimensions, and 
exceeds in bulk ifti'rteen thousand milliims of the smallest size. The conception of 
Buohminutenessisbeyond the grasp of our mind; yet each, axt organized struclwe, is 
not too email to claim and receive the regard of Him who called into life and am- 
ply endowed it with pecuhar organs and properties, adapted to the mode and range 
of its existence. 

Gbapb Monad. — The grape monad is so called from the circumstance that the 
individuals at times unite and form clusters, like bunches of grapes or 
berries. A natural group of these protophytes is shown in figure 
9, where they are magnified linearly three k-midred and fifty times; 
the diameter of the cluster being on.e four-hv.ndred-and-thirlieOi ^ 
pari of an inch, and that of each individual one iuieniij-three'hTin- ' 
dredth of an. inch. 



db,Googlc 



■ VimW S OF THE MICHOSOOPIO "WOSLD. 



This species possesses an oval form, is furnished with two cilia, and 
by Klf-division, which takes place both across and lengthwise of the body. 







The G-bben-ete Mokad. — In figure 10 is delineated a species of the monads 
in which Ehrenberg supposed that he had discovered a visual organ. 
;t is of an egg-shaped form, and moves in the ditectionof its length 
J the aid of a cilium (a b), which is nearly as long as the cell. Its 
coloi IS a rich green, and the eye-speck, which is red, is distinctly 
is shown m c. Thisora;anism is found amid water-plants, and 
seven-huKOred-and-tiBBntieth to one tvienty-three- 
himdiedOi of an inch in length. In the figure it is magnified eight 
hundred times in lengtli and breadth. 

The Breast plate Monads. — Many of the monads are found clustered in one 
tig II community, and move together as one body. This mode of 

3 occurs in the breast-plate monads, which have received 
e from the form in which they are arranged. A group of 
'' these singular ptantules is shown in figure 11, and a single one in 
; figure 12, The breast-plate monads are found in clear water, both 
s^t and fresh, and consist of sixteen globular bodies of a pure 
- green color, enclosed within a flat, transparent case of a pearly 
hue In this they are regularly disposed in a square or oblong form, 
the four central mdividuals being usually larger than the rest. Their mode of in- 
crease !■; by self-division, and when this occurs, the group divides across the 
Fig. IS. middle m two direetionS| separating into four clusters, each containing four 
^ monads. No sooner has a group thus separated, than each of the plantules 
® which composed it increases in size, and soon subdivides into four monads, 
and the original number of sixteen is seen in every one of the four clusters. Ere- 
long, these again separate into four portions, and the species tiius multiply intermi- 
, nably. The tablet, though contiunmg sometimes less than sixteen individuals, 
never exceeds that number. Its form is often irregular; which is caused by the 
separation of some of the monads from the cluster when thej" have attained their 
full growth. Each of the individuals composing the gi'oup is connected with the 




rest by means of six threads or tubes^ these, with the two cilia, a and 6, a: 

Rg. 13- in figure 13, where a monad is exhibited attached to a portion of the 
transparent case. The length of the tablet is not greater than one two- 
/mndred-and-eiqhtieth of an inch, and that of each monad ranges from 
i about onefwe-hundredth to one-thousandth of an inch. A single structure, 
b when free from the case, as delineated in figure 12, swims by the aid 
B of its cilia in the direction of the length of the cell, with its ciliated 
lend foremost, as other monads ; but the group perform various evolu- 
E tions, sometimes proceeding horizontally, sometimes upwards, and 
f again rolling on the edge like a wheel. The extraordinary activity of 
these wonderful littie atoms is distinctiy beheld when a small portion of coloring 
matter, as indigo, is introduced into the water in which they are discovered ; the 
whirls and currents will be seen in the fluid, caused by the vibration: of the two 
cilia belonging to each plantule. 
When a group is in progress, thirty-two of these organs are consequently in 
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motion; twenty-four around the edges of the transparent case, and eijj'Af projecting 
from the central parts, and, by their combined action, tlie cluster, enclosed in its 
delicate envelope, proceeds as one body. Each, of the constituent individuals of a 
cluster is, of itself, a perfect organism, possessing a motion of its own ; yet, when 
united with fifteen others, all act in concert. 

The EByoLTiNCi Globe, or Yohvox. — About 150 years ago, Leuwenhoeck 
disGOTered in water a singular hollow globe, studded with green specks, ■which 
advanced through the fluid with a rolling motion. It was at first supposed that 
the globe was a single animal, but the raicroscopists of the present day have shown 
now the true nature of this structure. The little green specks that gem the surface 
are protophytea; each being a perfect monad, furnished with two cilia, and pos- 
sessing a bright-red eye-speck. They are all connected together, and every individ- 
ual is attached to those immediately adjacent by delicate fibres, varying ia num- 
ber from three to six. The thousands tiius embedded throughout the entire surface 
of tte transparent spherical shell, form the hollow globe, and bear to it the same 
relation as the monads of the breastplate cluster to their pellucid case. The whole 
globe bristles with the cilia of the individual monads ; and, by the united action of 
these slender organs, rolls through the water with the same part always foremost; 
when the fluid is colored the current and eddies produced by the cilia are clearly 
detected. This change of place seems nece^iaiy for the support of the n 
groups, which range continually in their rolling gkbe through new re; 
Space abounding with matter adapted to their development and i 
In figure 14 the revolving globe is faithfully 
delineated. The minute dots with wh ch it s 
covered are the monads that compose it and 
the interlacing net-work are the filaments 
which connect them with each other The 
direction of the globe ia its progress is indi 
cated by the arrows, and the cilia that propel 
it are distinctly discerned fringing its surface 
Within the globe a number of smaller globes 
are perceived ; and these lead us to consider 
the extraordinary manner in which these 
curious groups are multiplied. They increase 
by a voluntary separation : from time to time 
new spherical clusters are thrown off from the 
original globe; not, however, from its outer 
surface into the surrounding water, but ft-om 
the inner mrface into the space enclosed by the , , 

transparent shell. Sis or eight of these spherii-il groups are usually found within 
the parent globe; though, at times, as many as twenty ha\6 been seen at once 
with their forms wel! defined, and the r color of a bnght green Openings exist, 
both in the primary sphere and in the interior globes th ough which witer passes 
and repasses for the purpose of affording nourmment to these vegetable forms. As 
the young globes increase in siae, the surrounding envelope expands, and as soon 
as they have attained a certain degree of maturity, it bursts asunder and permits 
them to escape. Now, uncontrolled in their motions, they range through a wider 
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Geld of existence, and soon a 
parting spheres ; to become, i 
in a countless series. 




This process of increase is exhibited in figure 15, where 
the offspring are shown issuing from the parent sphere, a.nd 
within each of the smaller globes another incipient race of re- 
volving monads is detected. ' The full sized globes are one- 
thirtieth of an inch in diameter, and the size of the smallest, 
when liberated from the parent, is one-three hundred and 
sixtieth of an inch. 



In figure 16 is delineated a portion of a globe with 
five individuals and a du ter of ■! i 3 oung mona Is at 
a; they are all attaol ed to the pi e al case and to 
each other, a d tl e ban is. h cl co ne t them lo 
gether, as well as tl e r re j e t ve o ^an of ot on 
are distinctly een 



In figure 17 a 1 
rated from 'i<! ci 

litres greater tlai 
the t^ o cil a 



^le monid ot % re olv ng glube epa 
e u ag 1 ed two thousa I t mes or 
fers upon tl e paper a space /our miKora 

ts natu al extent In th s engrav ng 
1 1 ng tt reads at 



,, t, - - and the eye speck of the n onad wl ch b 

br ght red s tuated at d The natu al s ze of a 

3 o gan am a tl e (A tyjivek ndredlh part of ai 

The revolv ng glol e s a common pec e of pro 

tophyte, and is eas ly fou d tl c 1 a si Ho ate s of 

brooks and ponds. 




OS. — Another kind of roll ng organ m s del neated n figure 
18, It is called the Ray Ghbe To! oib and the nd v d als 
lorm, by their union, a group resembl ng the cl ster ng fru t 
of the banana. Eacl or^an m s enclosed n a cell and the 
cells of the cluster are embedded in ajelly-hke substance of a 
Spherical form, which rolls through the water like the revolv- 
■ ; globe. The ray-globe volvox is of a yellow color, is pro- 
led with two organs of motion called cilia; and is likewise 
furnished with a filament, by which it is connected, either 
with the centre of the cluster, or with the bottom of its own 
cell 
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Figure 19 is a magniSed portion of a cluster and dis 
plays the manner in which these alender filaments 
connected with the common cohering Tie li-n:;th of 
single organism of this kind without its filament 
tevenfeen-handredl^t of an inch, and the size of a clustei 
varies from one one-hiindrtd-and nmeheth part of 
to one tu)0-hundred-and-6ightieih 

Thb Blood-like Astaha. — This plantule belongs to a kind which has received 
the name of Astalia,* from the circumstance that they have no fixed abode like 
the volvox monads, but are endowed with a perfect freedom of motion. They 
have the power of changing their form at pleasure, are destitute of an eye-speck, 
and move from place to place by means of a tail, and a delicate, vibrating ciUum. 
These curious atoms are sometimes produced in such vast numbers as to dye the 
waters in which they live with a crimson hue. 

The blood-like Astatia is delinehted in figure 20, Its 
body, when extended, is spindle-shaped, as there exhibited _ ^ 

at first it appears of a green hue, but afterwards a 
a biood-red color. Figure 21 shows an individual of the ' 
same species with the body contracted. The langth of this 
little organism is one thres-hund^ed-and-eighiteth of o 

rig. 21. 

The Blood-red, Eugiksa. — The Euglena is a variety of the Astatia, but differs 
from it in possessing a beautiful red eye-speck. It varies in length from one iino- 
handred-and-fortiett to one three-hwndredfh of an inch, and is of an oblong shape ; 
but is capable of -changing its appearance. This curious characteristic is 
in figures 22, 23, and 24, where the organism is delineated under 

Kg. 33. 




j^^ 



shapes it assumes. During the early stages of its existence its color ii green; but 
upon arriving at maturity it is of a blood-red hue. Individuals are seen, however, 
partaking of both hues, bein^ variegated with red and green spots. The Euglena 
moves through the water with a slow motion, by the aid of a thread-like ciliura, 
which is seen in figure 23; and the currents produced by this organ, and which 
are discernible when the water is colored, are delineated in figure 22. In figure 
24, where the cilium appears double, the plantule is on the point of dividing into 
two, and a single ciliura belongs to each of these parts which are soon to become 

* Gieek, a, privative, wit/unit ; stads, a itaUon, hence Astatia. 
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independent existences. Kot only does this organism swim in a straight line 
through the water, but it also proceeds on its course by rolling over and over side- 
ways. It is frequently found congregated in vast numbers, clothing with n crimson 
mantle the surfaces of ponds and stagnant waters. 

The Ei.owEBiKO-oup PHoroPHTiEa — In figures 25 and 26 a singular stJiicture ia 
exhibited, which appears jn the shape of a branch; formed of a series of cups 
united to each other 

The cup is nothin" more thin 1 delicate, pellucid shell, enclosing an organism 
' ' s attached to the bottom. The living 
ith Its encircling case, is distinctly seen 
26 It IS of a pale yellow tint, and is 
' furnished with a red eye'Speclc, the position of | 
which is indicated by the oval spot near one end 
le organism; and far beyond the margin of 
the shell protrudes a slender cilium. The flower- 
ing-cup protophyte has the power of altering its 
form, and at one time is seen coBtraoting itself 
into a round Sgure at the bottom of its cup, and 
at another, extending its body as far as the 
edge of its shell, which is its utmost limit. 
lUB structures multiply by means of little cups, 
a budding from the parent-cup ; and tlius it con- 
iase, until at lengtii a living branch is developed of 
considerable size. In figure 25 such a duster in seen containing 
eight plantul d h U of three which have perished. 

The motion o h b ng a is indicated by the currents; 
and through u d d h monious action of these strange 
Cleans, the e motile organisms proceeds a 

This [irotoph 
himdrea and 
twentieth of a d 

DtATOMACEB R D M — These photophytes, which are included by Ehren- 
ber|: under th m Bacillaria, are invested, as already stated, with a 

curious flinty p h h onstitutes their chief characteristic. This covering 

is an object of great interest, not only for the elaborately-worked pattern, which it 
often exhibits, but also for the perpetuation of the minutest details of that pattern 
in the specimens obtained from fossilized deposits. The siliceous envelppe of every 
diatom consists of two vahea or plates, usually of the most perfect symmetry, 
closely applied to each other like the valves of a mussel. The form of the cavity 
between the valves differs greatly, each valve being sometimes hemispherical, some- 
times like a watch-glass, while in other diatoms tney resemble boats, hearts, and so 
forth. This curious class of vegetable existences are among the most beautiful of 
microscopic objects. 

The Gallionella.— This division of the Diatcmacese has been termed Galiionella, 




e body through the 
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PR0I0t<HILG9, 33 

(Vom Gflillon, a Prench naturalist; and has also received tbe appellation of box- 
uhain organisms, fi-om the form in whieli they are developed. They are each in- 
vested with a flinty case, consisting of two shells ; the case being cylindrical in 
f m d wh ly'ng upon its face preseiitinQ' tiie appearance of a coin. The 
yl d 1 d h q enee of the imperfect self-divi- 

f I II wh by th y g t m a^ tl y are successively produced, re- 
t t k Th G 11 nella are finund both ia a living 
th 1 tl ff d y rich objects for the microscope, 
d t t g ry pool, river, and lake ; and 

f w f IS that one hundred and forty millions 

m 1 i by self-division, in twenty-four 



Th y 



tt h d to th 
f 1 te c 



1 



The Stripeb G-ailionella. — This species of the G-allionella is delineated 
in figure 27, which represents a specimen found by Dr. Mantell, in a 
pond near London. Several distinct diatoms, invested in their flinty cases, 
are here beheld fbrraing a chain, which is highly ma^ified. The fine 
lines running across the various links of the chain are in the direction of 
the length of the organisms, and the position within them of masses of 
green ' and yellow atoms is indicated by the small circles distributed 
throughout the entire chain. The striped Galliouella is found both in 
fresh and salt water, and various in size from one-fourtten hundredth to 
one-four hundred and thirtieth of an inch. The latter length is the natu- 
ral size of the engraved specimen. Single chains ate sometimes found 
three inches in length, consisting of from 1,200 to 4,000 orgaolaois. 



The RusT-i-iKs Gai-liosell*. — In figures 28 and 29 are shown si 
ral delicate and branuhing chains, composed of these little plaatulea, 
which, from the resemblance of their color to that of iron-rust, hare 
[■eceived the name of Rust-like Gallionella. Each of these individuals is invested 
with a flinty shell, of an oval shape, rounded at both ends and smooth on the 
surface. They are found in most of the watei's impregnated with iron, and 
also in peat- water, which contains a little of this mineral. Every thing be- 
neath the surface is covered by these existences in countless 
numbers, forming, by their union, a Ught mass composed of ^^s- S 
such delicate flakes, that it is dispersed by the slightest motion. 
In the spring, this floceulent substance consists of short chains 
of pale-yellow globules, strung together like rows of beads, 
which can be readily separated from one another. Their u 
however, is deteetedwith difficulty at' this time; but as the 
season advances the diatoms become more developed, and their 
structure is better discerned : when summer arrives, the threads 
and chains of which the whole mass is woven, yield to 
of the microscope, and the texture is more clearly r 
the eye. At this period, the color of this organism is 
rusty red; but in the spricg, its tint is that of a pale-yeIlo\ 



Fig. 59. 
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di VIEWS OP THE MlCEOSCOPiC WORLD. 

ochre. This species of Crallionella is found both in a recent and fossil state, bdiJ 
measures only one-twelve thousandth of an inch in diameter. 

The Naviohla. — The Uavieula, both recent and fossil, forms a very interesting 
class of the diatoms ; it is shaped like a boat or ship, aad from this resemblance has 
reoeiTed the name of Navicula, which in the Latin language signifies a Utile ship. 
Thev are never united, like tlie Gallionella, ia chains; but exist singly and in pairs, 
endosej m a durable, thin, siliceous cell, generally four-sided, and which, when 
fclightiy pressed, divides either into two or four parts, disclosiog the appearance of 
tibs runniug across it A jelly-like substance, which constitutes the body of the 
plantule occupies the interior of the shell, and portions of matter, of a green, yel- 
low and brown color are here perceived, which were once regarded by naturaliste 
as the PG^ of the Navicula. Many of the Ship-Navioula propagate by self-division 
in the two directions of their length and breadth ; the sepai'ation commencing 
in the soft body beneath the shell, which, afterwards divides into parts cor- 
responding to those of the body. Twenty- four different kinds of fossil Navicula 
hive been discovered, fourteen of which have been identified with species now 

Gheen NAvrcuLA. — Figure 30 is a drawing of this diatom, representing a speci- 
men taken by Dr, Mantell from a pool in Olapham Common, in the vicinity ol 
London. Tlie small dots which Ehrenherg 
STg. SO. supposed to be stomach-oella, and the rib-iike 

divisions of the shell, are distinctly seen 
\ throughout its whole extent. So numerous 
are they, that fifteen are contained within 
every twelve-hundredth of an inch in length, 
A side view of the same individual ia 
- sliown in figure 31, exhibiting fie currents 
produced by its motion through tlie water. 
This species of Navicula varies in size from 
J one-setteaUeSi to one-one hun^ed-and-Jifteenth 
part of an inch in Ungth. 

Golden iTAVicm-A. — Figures 32 and 33 are representations of a beautiful 
species of the golden Navicula, so called because the clusters of globules 
™_ „„ within the shell sj-e of a bright-yellow color. 

They are seen in the engraving occupying the 
central portions of the shell, and filling up its 
\ numerous flutings. The shell is of an oblong 
' oval shape, and possesses the utmost regularity 
its structure. In figure 31,, the Navicula is 
I from above; in figure 33, a side view of 
same diatom is presented: by coniparing the 
D drawings, it is seen that the shell tapers 
in the latter case than in the former. The 
; fijjures are faithful delineations of a living 
golden Navicula obtained by Dr. Mantell : the 
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PBOIOPHTLES. 



length of tliia specimen v 
aji inch. This species vai 
handred and tenth of an in> 

The Swollen Eonoti. 



jure 34 is shown tlie shell of a species of diato- 
e whicli differs a very little in its characteristica from those Just described. 




It is called the Swollen Bunotia The shells vary in length from oree-efeuen \%n.- 
dred andfij^ieth of an tnoh to on.e-two hundred and fortieth, and are of the shape 
represented in the figure, which exhibits a side view. A furrow (a, a) runs the 
whole length of the shell, along the middle of each side, and from this furrow 
s curved ribs branch out towards either edge. The furrows are plainly 

Elg. 38. 



1 the ehell hut are d tecte3 with diffi ultv in the lirmg organism 
on acCMiuat of the color "t the body So do«ely are the Tih't placed together 
that no less thaa eight aie Lontimed within the space of one twelve hundredth 
of txn inch Figuie 35 is the represpntation of "several hving individaak of this 
species found upon a branch of conferva which la the bright green vegetable 
matter that floats upon "stagnant waters during the spiing and summer The 
Bunotja multipliei by self division and m figuie 36 an individual is exhibited 
undergoing this process The separatjon is seen to take place in the ditection 
of the length and in each half we can dia em another line of diviai m (a a h 5) 
lust commencing Through this line when the divided portions have airivcd at 
maturity and each has become a perfectly developed plantule another sepai aHoa 
occurs, and thus proceeds interminably 



db,Googlc 



ae TTEWS OS THE MIOROSCOPro ■WOk™. 

Tgl Pi ■'iDici L \ —The p ni nute organiams have received their scientific name 

Irom their foim — jtyxidicula signifying, in the Latin language, a 

Ei|^37 Pie as j^^j^ j^ They are ecciosed in a transparent, spherical, flinty 

#^»i*a^ case which is marked hy acircular furrow through which it readily 
P^jl divides, sepaiating into two hemispheres. A group of a livinjf 
^^ ■■pecies of the Pyxidiciila .is delineated in figures 37, 38, 39: a is 
c,_^ a view of the shell at right angles to that presented at 6, and es- 

^^k hibits the furrow through which it separates ; and o, is one of the 

^^^ two heinispherc into which the shell divides. This organism is of 

rib 'M ft yellcwi'sh green color, and varies in length from one-/owfe«i 

fund/ed and firhelh of an inch to one-Jive hjindred and seeeniieth. It is quite 
common and ii found both m a living and fossil condition. 

The Zigzao Diatoms.— Figure 40 is a drawing of a 
common Zigaag diatom, found by Dr. Mantell in the 
neigliborhood of London. These protophytes have re- 
' ceived the above appellation in consequence of their 
being developed in zigzag chains, each link consisting of 
]igani=m Thi' moie of union arises from the oircumstanee that, although 
tiie '■hell': ot ail the difttomi are perfectly separated, their bodies are not, and thus 
remaining attached, they present to view an irregular series, such as is displayed 
in the figure. The flinty shell is three or fourtimegas long as it is broad, is prisma- 
tic in shape, and contains thirteen cross lines in every twelve-hundredth of an inch. 
A narrow opening runs fi'om one end of the shell to the other, through which cer- 
tain processes are protruded, by the aid of which locomotion is effected. The 
natural size of oach. shell of the chain in the engraving is one-Jour kundred and 
ikirty-eecond pari of an inch. 

Fig. 41. In figure 41 is shown a cluster of another species of 

these diatoms, which, when imperfectly divided, are 
attaclied aide by side, and elide one upon the other— the 
' e group shortening and lengthening itself at, as it 
!, at will. Their color is of an orange yellow, and 
their length varies from one-two kandred and foriUtli of 
an inch to one-eleven hundredth. 
The Palm, !FAN-aaAPBD Diatom. — A species of protophytes belonging to the type 
of the Diatomaceie, and bearing the above name, is shown in figure 42. These 
organisms are encased in a shell which is broad and wedge-shaped, and form a 
fen-like cluster, rising fl^om a single trunk or stallc. The stalk is produced by an 
excretion of the plantule, and is not possessed of any vital power; for if the 
branching, living groups are broken oif, no fresh buds, teeming with vegetable life, 
are put forth from the mutilated trunk, but it soon crumbles away and utterly 
perishes. This organism increases by a longitudinal selMlvision, but the separac 
tion does not extend to the stalk ; for this remains entire while the diatom contin- 
ues to develop in fan-shaped groups, the trunk branching into thick gelatinous 
boughs, to which the separate vegetable atoms, gleaming with a golden hue, are 
attached like fruit by a s'euder stem. This organism is found covering the surface 
of marine plants. The natural size of the cluster varies from one-twelfth to one^sixlh 
of an inch — that of a single specimen is one-one liundred and twentieth of an inch. 
Figure 43 is a back and side view of a single individual, highly magnified. 
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Xahthidia. — Tbe Xanthidia belong K the De' 
species of the Protophytes; it is enclosed 
in a transparent, siiigle-valved shell ot a 
globular shape, which resists the action of 
fire, and is studded with spines or thorns 
a green muss is seen in the interioi 
body whicti was once supposed to connist 
of eggs. The Xanthidia exist both in a 
living and fossil state, and are found abun 
dantly in flint, as will be shown hereafter 
They exist singly, in pairs, and in gioups 
of four, and incrense by self-division 
Two figures of living Xanthidia aie dis 
played in figures 44 and 45. Figure 44 ii 
a drawing of a forked Xanthidia, found by 
Dr, Bailey in a pond near West Point its 
shell is green and of oval form, and its 
natural length is one-two hundred and 
aghfy-eighth of an inch. 

Figure 45 is a different species, and rep- 
resents a spinous Xanthidiura, obtained by Dt'. llautell finm a 
F^. 44. pond in Clapham: it is of the same size at, the 
/ l> preceding specimen, and is likewise of a beautiful 

V. !Wf A deep-green hue. 






PoLYOASTBio AsiMAionr.ES. 
The Photbhs. — In figures 46, 47, and 48, a 
-~* remarkable animalcule is exhibited, whicli varies in size from 
le-on'e hundred andforiieih to one-seventieth of an inch in length. 
It appears under the microscope asa p^le yellow mass of jelly- 
like matter, and is endued with the power ol changing its shape to a veiy extraor 

dinary degree, as is obvious from the inspection of the figures From this cu 

eumscance it is (ermed the PjoIlus the name of the wondrous '*ea ^od who 

could assume, at will, every 

form, turning himself into P ^, -n" rifi *1 

animals, trees, fire, and 

water, according to thp 

fables of the classic poets. 
The Proteus can hardly be 

said to possess any original 

shape ; for it is capable 

of relaxing itself in one 

place, and contracting in 

others; and of pusliing out 

from every part of its body 

long arms and feelers (o a. ■ 

a, &c.), which are its organs 



of r 



) the numbe 
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animalcule can again Mithdraw into its body, and protrude others from a dif- 
ferent place, if it please so to do. Tliis animalcule, thoua;li classed with the 
Polygastrica, can hardlj be »aid to poeaess stomachs, for it is simply a mass of mat- 
t«r composed of oelli Within this, numerous contractile vesicles are seen wliich 
ivere, at first, supposed to be stomachs. 

In the figures, their situations are indicated by the larger cavities (& b i, &c.), 
s they esist, dispersed throughout the body of the creature. 

The Bell -sa a pep Ani- 
ALCDLES.— This family of 
Infusoria, which is re- 
markable for the grace- 
tul elegance of its forms, 
IS devoid of a shell ; and 
eai-h individual, when 
unoonntHited with oth- 
et'i roams about in 
solitary independence. 
When, however, they 
are attached to a stem, 
they live together ia 

ing the shape of trees or 
shrubs, wilJi an aniroai- 
cule appended like a 
flower to the extremity 
of every tiny spray. 
Imperfect yself-division 
givesrise to these beauti- 
ml tree-like clusters ; but 
in addition to this mode 
of increase, they like- 
wise multiply by tlie 
growth of buds, either 
from the sides of the 
animalcules, or from the 
stalks to which they are 
united. The Bell- shaped 
animalcules are usually 
found clustered together, in countless numbers, upon the submerged surfaces 
of twi^s and roots They adhere also to the small leaves of the duck-weed, and 
attach themiehes to the shells of minute aquatic animals; but when fully de- 
veloped they are generally connected with some fixed object, A group of 
several animilonles belonging to this family, and of the species termed the 
HebuljuB bell shaped animalcule, is exhibited in figure 49. The body of the 
creature as its name implies, has the shape of a bell, the margin of which is 
fringed with a circle of cilia. The space surrounded by the oilia is flie mouth of the 
animalcule and the position of its stomachs is marked by the round spaces within 
the bell The slender stem by which each individual of a group is attached to a 
n base is furnished with a long and delicate mus(do, traversing its entire 
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lenglli, by the aid of which it is alternately extended and shortened. The ani- 
malcule, at the approiich of danger, coils np its tiny cable with the quickness of 
thought, siuking down towaj'dstlie spot where it is nuchored; and then aguin when 
the peril is past, floats upwards in seareh of food, and swings once more to the 
utmost extent of its line. This ;con tractile act o as Mantell re rla s contin- 
ually going on — now, in one or two indiyiduals onlv then n several and often 
the whole group suddenly shrinks down into i conf) ed n ss and the nert 
instant expands, and every little bell beconi s fully 1p eloped w th ta cilia in 
ramd osoillation. 

The group in the figure represent a number ot an ale le-s f this species, in 
different attitudes and conditions. Some have tl e r stalks stretcl ed to the 
utmost length, with their crowns of cilia in full act on wh le othors hive their 
Btema more or less coiled. Many are single, and others (a a a ) hi e divided 
into two, and the stems of several are seen, f om wl ch Ihe an n ale lea have 
broken and swam away. The length of the bo ly f th s pec es vir ea t om one- 
two hundred and eiffhtieth of an inch to one-five hundred and seventieth. 

The self division of these Infusoria proceeds as follows ; The bell first begins 
to expand in breadth, and then a separation commences extending in the direcr 
tion of its length, double rows of cilia becoming meanwhile formed. At length, 
the. two pai-ts being perfectly developed, the bell divides into two animalcules, and 
fringes of dlia nest appear encircling the base of each. Soon the young animal- 
cules twist off from the stem which speedily decays, and after switnming^ about 
for some time, at last put forth a new stem from the end of each bell ; then fix- 
ing themselves to some object, they multiply by self-division, and become in 
their turn the progenitors of a nuraei'ous race. 

In figure 50, two bell-ahaped animalcules are seen, which ^'^- ^■ 

have just been produced from one by separation, each being 
still attached to the parent-stem by its own stalk. 

The advantage resulting from the use of a colored 
fluid, in enabling the observer to detect the stomach-cells 
'Of minute Infusoria, has already been mentioned more than 
once ; but the following detail of its employment by Dr. 
Mantell, when experimenting upon Bell-ahaped Infusoria, 
is too instructive to be omitted, " I place," says this inter- 
esting writer, " a drop of a solution of carmine in the water between the 
plates of glass containing these animalcules; the fluid in which they are 
floating now appears turbid, and full of gray particles, which are thpown into 
rapid motion by the vibrations of the cilia, and currents are seen passing 
to and fro from the mouths of the animalcules. In a few minutes the 
water gradually becomes clear, and several round spots of carmine are 
apparent in the body of each animalcule. We have, in fact, caused their 
■little stomachs to be filled with coloring matter, and can now distinguish their 
number and arrangement, If the body of the animalcule were a mere cavity, it 
U obvious that the carmine must have collected into a single ball or mass ; but 
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this is not tLe case ; on the contrary, the color appears in distinct round spota, 
from having accumnlated in globular calls, and, by careful investigation, the tube 
connecting these cells may be detected." 

The Trbb-Animalculbb. — The Bell-shaped Infusoria, which have just been 
described, are each attached to a common base, by a separate stalk ; but in the 
kind we are now considering the entire duster springs from a single ti'unk, 
which, dividing and subdividing into numerous branches, puts forth its trumpet- 
shaped living blossoms, at the extremity of every bough. This mode of imion 
is the result of imperfect self-division — a single animalcule first separating into 
two, that are united by a forked stem, and these again into four, which still 
remain connected; thus the division proceeds, until the limit of development is 
attained, and a graceful, branching cluster rises from a common stalk. The spon- 
taneous separation of the individual creatures is effected in the manner already 
detailed, and, as in the case of their kindred species, the Tree-animalcule, upon 
arriving at maturity, breaks away from the parent stock, and the single living 
cup, floating for awhile, at length becomes stationary, and a new generation of 
arborescent forms are produced, by their repeated self-division. These Infusoria 
have also been observed to multiply by the growth of buds. 

The Tree-animalcule is shown in figures 51 and 52, In the latter engraving 
the beautiful group is seen fully developed, with the trumpet-shaped animals 
clustering on every branch ; their circles of (alia expanded to the utmost, and 
Fig 51 *''* position of their stomach-cells clearly indicated by the 

round spaces within their bodies. A muscle is distinctly 
seen i-ising from the root, traversing the trunk, and extend- 
& ing its minute ramifications to every member of the 
r group. Not only is each individual endowed with the 
power of coiling and uncoiling its own stalk, by the aid 
of this muscle, independently of the action of its fellows, 
as shown in the cut, but the whole group can suddenly con- 
tract its dimensions, the main trunk folding closely together 
in spiral wreaths, and the spreading tree shrinking into a 
, globular mass, while each animalcule assumes a spherical 
shape, and its crown of cilia occupies a narrower circle, 
This attitude of the group is exhibited in figure 51, The 
natural size of a single animalcule I'anges from one-four 
Hundred and thirtieth of an itwh to one-Jive hundred and aeventitth. 

The living forms that constitute the Infusorial world, bear, for the most pai-t, 
little or no resemblance to those that are visible to the unaided eye ; but in the 
beautiful groups we have just considered it is otherwise ; for, in their curious 
figures and organization, that type of animal existence is recognised, which adorns 
the ocean with living flowers, and peoples its azure depths with a thousand 
arborescent forms ; where a sensitive life is enshrined in each bud, and which, 
developed in its countless generations, spreads through the waters, a mazy grove. 
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INFU30H1AL ANIMALOVLES, 



41 



Trumi'ET Animalcules, (Slmlors ) — This division of the family of the Bell- 
shapect Infusoria receives its name fiom its peculiar foini wlui-li resembles that 
of a trumpet. Unlike most of the p,, j 

race to which it belongs, the Stentor is 
destitute of a stalk, and attaches itself 
by the lower extremity, in the manner 
of a leech, to the different substances ; 
it meets with in the water. Its whole ''■ 
body is covered with dlia, and a spiral ; 
wreath of these organs is seen sur 
rounding the expanded mouth. By 
the aid of these members the Stentor 
moves swiftly through the water, and 
at the same time sweeps within its 
grasp the various hving atoms- upon 
which it preys. This ore^ure is very 
voraciowa and devours great quanta 
ties of monads, wheel-aniroals. and 
other Infusoria. These are frequent 
ly found within its stomachs, which 
are arranged like the beads of a neck 
lace. This chf^n of stomachs pi'oceed 
jngfroin the mouth,traver8e6 the body 
of the Stentor in the direction of its 
length, and returning, unites with it in 
a spir^-abaped cavity. They increase 
by self-division, either lengthwise or 
obliquely, and also from eggs which 
vary in color in different kinds. There 
are several species of the Trumpet-ani- 
malcules, which are dissimilar both in 
size and color. Some of them are 
Bufflciently large to be detected by the naked eye, but the microscope is needed 
for their full examination. Their colors are blue, vermilion, green, yellow, and 
brown. In figure 53, a group of a species, termed the Many-shaped Stentor is 
delineated, adhering to a stick. Four individuals are here seen, gracefully en- 
twined together in various attitudes and in different states of expansion. In the 
upper figures, the distended mouth encircled with its spiral wreath of cilia is 
fully displayed, and numerous cilia are likewise seen covering the surface of the 
body, but appearing most thickly near its' lower extremity, by which the ani- 
malcule has anchored itself to the sunken spray. In the reminder of the group 
the mouths of the animalcules are turned from view, but the position of these 
orifices is marked by the surrounding oi-owns of oilia. These animalcules are of 
a beautiful green hue, and vary in length from one-tiee»ty-/ourth to oae-me hun- 
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Micn.oscoirr' world 



dred and twtnhetli of an inch 
anij ire found abuDclantly ia 
stagnant water, upon dcuned 
sticks, stones and leu es, on the 
surface of which thev cluster in 
countless myriads Ihe appear 
in<.e they then present is aimilai 
to that shown in dguie 54, which 
lepresents a, twig encased in a 
mass of green JtUy, consisting 
of thousands ot animalcules ot 
this kind The twig was taken 
from a like hv Di Mantell, and 
was part of a biaii^h thiee feet 
long, thit had fallen into the 
watei and was entiieiy eo^er 
ed with the con^ie^itfd mul 
titudcsoJ these Intuiuiia Ihe 







group just described displays the auimalcule when extended 
to its full length ; hut in swimming it contracts into the shape 
of a cylindrical cup with a spiral margin, as exhibited in figure 
' 5o rhe Blue stentor is shown in figures 58 and 67. 
In the farst it is seen elongated, as it appears when attached 
to some object, and in the latter under the sbape it assumes 
vhen swimming. Its voracity is plainly evinced by the num- 
bi^r of animalcules within the enclosure of its funnel-shaped 
mouth below which the rows of stomach-cells are apparent, 
extending to 6. This species has a crest (e, e,) extending along 
ita body The length of the creature is one-four hundred and 
eighlietk of an inch. 



db,Googlc 



INFUSORIAL 

Purse Animalcctf.e. — A species of this animalcule is represented 
Its body, whioli is white and round, is covered with cilia, I'i 

arranged ia circular rows, and the double fringes that sur- 
round the large opening which constitutes its mouth are 
longer than the rest. Its stomachs, which I'esemble in 
shape small purses, are not connected together in a chain ; 
but are attached to the interior of the animalcule, by slen- 
der stems. These Infusoria are found with the dnst-monad 
and tablet-animalcules, which they devour in great num- 
bers, and in the specimen delineated, several of these crea- 
tures are seen within its body. The natural length of this 
species of purse-animalcule is one-one hundred and -^hth 
^an inch. 




WHEEL-ANIMALCULES, OK ROTATORIA. 

These interesting animalcules, of which there is a great variety, constitute one 
of the great classes into which the Infusorial world is divided. They live, for 
the most part, in water ; but it does not appear to be necessary to their existence 
that they should be enveloped by this fluid. They are frequently found to reside 
in moist earth, and some species are known to dwell in the cells of mosses and 
sea-weed. We have already observed that these Infusoria have received their 
name trom the apparent revolution of >their crowns of cilia, and that in addition 
to this marked peculiarity, they are distinguished from the Polygastric animal- 
cules by possessing a single stomach, and iu being furnished, for the most part, 
with jaws and teeth. The Rotatoria, though endowed with the power of chang- 
ing the shape of their bodies, by contraction and expansion, cannot do so by the 
growth of buds, or self-division, like many kinds of the first class. At the lower 
extremity of the body is a short stem, or tail, by which the animalcule fastens 
itself to some fixed object, at its pleasure, and thus prevents the ftpper part of 
the body from partaking of the motion of the cilia. This class of Infusoria are 
viviparous,* and also multiply from eggs, which, in some species, are equal in 
length to one-third of the extent of the body. For an unknown period of time, 
the eggs retain the living principle within them, exposed to heat and cold, to 
moisture and to drought: they are borne upon the wingsof the wind, oversea and 
land, bursting into life, and filling the water with their swarming multitudes, 
whenever a concurrence of circumstances favorable to their development calls 
them into esiatence. Nor is this tenacity of life confined to the egg ; the ani- 
malcule itself, as we have previously shown, slumbers for months, in apparent 
death, and is repeatedly revived. 

* Prodiifiing young in a living stafa. 



db,Googlc 



'Jlii'se singular ci'eatui'es are fouTKl in the red sediment left in gutters and 
troughs, alter tlie rain-water cootained in them has evaporated ; also in vegetable 
infusions, especially that of hay ; and they likewise swarm in great abundance in 
ponds covered with water-planta. In sea-water they are also detected, and it ia 
said that they have even been observed moving freely in the celb of terrestrial 
and marine plants. 

The wheei-animaloule enjoya the sunshine, and can seldom be taken in a cloudy 
day ; for then it seeks the bottom of the water, lurking around the I'oots of 
the weeds that grow therein. When the small pools in which they reside have 
been reduced by evaporation, tliey become so numei^us as to tint the water with 
a bright red. They bnve then attuned their fuH size, and the richness of their 
hue is at its height ; but if they are now confined in a vessel for a few days, their 
color fades entirely away. Pritchard remarks that he had found wheel animals, 
taken ander the circumstances just detailed, to measure ime-lhirtieth of an inch 
in length ; while those raised in artificial infusions seldom exceeded half that size. 
They were so numerous that thirty were contained in a single drop. He also 
observes, that they are easily preserved for a long time, by occasionally placing 
a little hay in the water of the glass vessel in which they live. He was enabled 
in this manner to keep them for the space of five yeai's ; and the drawings wo 
shall now describe are representations of specimens preserved. The wheel-ani- 
malcules are mostly seen under the forms delineated in figures 69 and 60 — the 
first of which repi'esents a full-grown animalcule, and the second the same when 
young. Cup-shaped, wheel-like organs surmount the head of the creature, 
and are each furnished with eirolcs of cilia, apparently in constaBt rotation; caus- 
intt currents, as shown by the arrows, to set towards the opening between the 
wheel, bearing along the particles of matter upon which they feed. From this 
opening the food is carried through the neck to the moulli, situated at the bot- 
tom of the neck. These curious orttans ai* more clearly displayed in figure 
7, where not only the crowns of cilia, but the jaws, teeth, and eyesj 'are de- 
lineated as they appear when very highly magnified. Here the rotatory oi^ans are 
seen consisting each of twelve or fourteen groups of cilia, which, swin^ng round 
upon their bases, describe small conical surfaces, terminated by the dotted circles. 
The animalcule is endowed with the power of changing the direction in 
which the wheels appear to revolve, and also of instantly drawing in the whole 
of its wheeiwork. The head then assumes the form presented in figure 61, 
where it is terminated by a cluster of hairs that do not revolve. This tuft ia re- 
garded as a set of filaments distinot from those that endrcle the wheel-organs ; 
and which are supposed to perform the office of feelers, as they are usually pror 
truded when the animal is moving from place to place. Near the head, and at 
the upper part of the tube through which the creature receives its food, are four 
muscular masses of a hemispherical form, placed opposite to each other, as shown 
in figure 7. Two of the masses are furnished with jaws and teeth ; the 
jaws are semi-circular in form, and are each armed with two teeth, that are ia- 
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Berted in tlie arched portion of tlie jaws. These organs are frequently seen in 
action, when the creature is feeding, and are distinguialied without difficulty. 
Between the I'otjitory organs are situated the eyes of the animalcule, which are 
two in number, and of a red hue. For certain reasons, Dr. Ehrenberg has been 
led to suppose that these eyes are not simpk, but complex, like those of insects ; 
each orgiUi of vision consisting of a number of lenses, which form as many sep 
arate images of a single object before them There is also a tube projecting from 
the neck, the position of which is indicated at h, in figure 61 ; through this, 
■water flows into the body of the creature, for the purpose of affording constant 
supplies of sir. The wheel-animalcule moves througli the water by two differ- 
ent methods. The first is by ^wimminr/, which is accomplished by the rotatory 
action of its crowns of cilia; ahd in the second method the tail is employed. 
This member is provided with two pairs of projections, ffff, hgure 59, which may 
be termed feet, and is likewise divided at the end. By alternately attaching its 
head and tail to the surface of the object upon which it moves, the animalcule 
advances in its course, bending itself upward in the manner of a caterpillar, in 
order to effect this object. Wheel-animals progressing in this way are dehneated 
in figures 62 and 63. In the various figures presented, we perceive joints and 
rings, like those which snri'ound the common worm. The joints are not hinited 
in number, nor confined to any particular situation on the body of the animal- 
cule, and where any joint occurs the smaller parts slide in and out of the larger, 
like the tubes of a telescope. From this peculiarity these Infusoria can assume 
the form of a sphere, the head and tail being drawn withiri the body. This 
movement is nearly effected in figure 64, the toes being still attached to a stem. 
In figure 65 the animalcule is entirely contracted, and forms a spherical ball. A 
number of the eggs of the wheel-animalcule are shown helow figure 59, 
In form they are oval, with a richly granulated surface. They vary 
in color, being sometimes of a delicate pink, and at others of a deep golden 
yellow. 

The Crown Wheel- Animalcule, or Siephanoceros. — This elegant little 
creature has received the name of stephanoeeros, from the Greek word Stephanos, 
a erown. It i& found in ponds, amid the leaves of aquatic plants, and usually 
measures one thirty-sixth of an inch in length, A specimen of these Infusoria, 
which was carefully studied and delineated by Dr. Mantell, is represented iu 
figure 66, and displays at a glance its singular peculiarities of structure. 
Ine Stephanoceros is here beheld fiilly extended, enclosed jn a transparent,, 
cylindrical case, a «, which is flexible in its nature, and is attached to the 
body of the animalcule, near the head, as seen at c. The head is adorned with 
a crown, consisting of five long branching arms, d d d d d, each of which w 
fringed with fifteen small cirelee of Cilia, that are perpetually vibrating. Upon 
the currents produced by the motion of the cilia, the prey of the Stephanoceros 
floats, till it comes within its grasp, when it is seized by the long arms of the 
creature, and Srmly held until it is devoured. In the figure several animalcules 
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thus been captured and swallowed it is likewise 
by means of these trniged aims that loomotion is eftectel In fi^uie 67 the 
StephanoceKis is snen drawn within its case This change of ittitudp it effects 
instantaneously, upon the slightest alaim the irms are then closed toTetlier, 
and the case contracts in wnnkles the upp r edge being drawn mward as 
the part of the animalcule to which it is united sinks down toward the bottom 
of ita crystal cell. The tube is thus doubled muard upon itself like the finder 
of a glove turned partially outside in 

The Stephanoeetos is said to possess a single -iinall lei e}!" which is not seen 
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in these figures Uie rainutp circles at c lepresent several fleshy mai'ies, whicli 
are arranged two and two it the base of each irm, and are supjiosed to be 
centres of the neivoiia tnattPi prouded for each member Ihe piwtion of the 
mouth is indicited by the letter/ and below it, at <j, is the stomach, which is 
comparatively Urge, ind is here exhibited filled with matij of the smaller 
Infusoi-ia. The jaws of the Stepliaiioceros aie furnished with teeth, with which 
it is seen to tear and masticate its food. Two distinct seta have been diseoveipd 
on each jaw ; of whiuh, in their natural position, figure 68 is pjg ^g 

a highly magnified representation The lower set is seen at a - 

a, and the Uj per at 6 , the lattei appear to consist of two o 
each side ; but they are not all seen in the figure, for the ( 
actual number is eight, four upon either jaw. So fi 
voracious is the crowned animalcule, that it attacks a 
the Stentor with its long and flexible arms. 

The Stephanoceros increases by eggs, which are hatched before they pass 
from the animalcule into the cavity of its transparent case. The progressive 
development of the young, during the first stages of their existence, has been 
studied by Dr. Mantell with the most patient assiduity. This gentleman observed 
that the young Stephanoceros, three hours after it had escaped from the egg, 
swam freely in the surrounding water ; in thirty hours a group of five buds 
were beheld, which were regarded as the bases of the five branching arms con- 
stituting the crown; in eighty hours they were fringed with cilia, and the 
position of the stomach was detected by the color of the food which the young 
animalcule had swallowed. 

Tlie specimens of the crowned animalcule, which are represented in the above 
figures, belong to a species obtained by Dr. Mantel! from a late in the vicinity 
of London. A supply of them was kept without any difficulty in glass jars of 
water, containing aquatic plants, dunng the residence of this gentleman at 
Clapham. But upon removing to another place, these interesting creatures 
died, although they were ftirnished with their native water, and every pi'ecaution 
was taken to ensure their lives. This mortality is attributed by Dr. Mantell to 
a difference in the local influence of the atmosphere. 

The BBADBn Melicehta, ob Four-Lbaved Animalcule.— This minute crea- 
ture, which is delineated in figures 69, 71, and T2, belongs to the same family of 
Infusoria as the Stephanoceros, It possesses, when young, two eyes, a tubular case, 
and a single rotatory organ, which, when expanded, presents the appearance of 
four leaves, fringed with numerous cilia, as shown in the figure. Below this 
complex apparatus the mouth is situated, the jaws of which are armed with 
rows of teeth, which are discerned in figure 69, near the centre of the leaves ; 
but are exhibited more highly magnified in figure 70. This animalcule has been 
found to be endowed with a nervous system; and two tubes are.situated near the 
neck that apparently subserve the purpose of respiration. 

The body of the Melicerta is transparent, but the enclosing cell is of a brown- 
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ish nue, somewhat conical in shape ; and 
collection of small, regularly formed bodies, like beads ; from which resemblance 
thia species of Melioerta derives its name. These bodies are arranged in circular 
rows, as seen in the figures, and present a very beautiful appearance. The en- 
closing case in the young Melicerta is at first clear and pellucid like crystal ; but 
as it gradually enlarges rings of beads commence forming around it, until at 
last the whole surfeee becomes entirely covered with them. 

The appearance of the Melicerta, at an early stage of its existence, is exhibited in 
figure 71, where the tubes of respiration are shown aiaa; the dehcate transpa- 
rent case at hh ; and the first formed circles of beads at cc. The bead-shaped 
bodies are deposited by the animalcule itself, and are cemente'l together by a 
glutinous matter which exudes from its body and hardens by exposure to water. 
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The surrounding shell of the Meiicerta is inflexible, and the soft and tender 
snimaleule can withdraw itself at pleasure within its protecting envelope. ITie 
creature is exceedingly sensitive, and shrinks into the concealment of its ease 
upon the slightest motion of the water in which it hves. It is seen partially 
withdrawn in figure 72, where the rotatory organs are seen closed up, and the 
two eye-speeks are detected at a a. The Melicerta is found upon the leaves of 
duckweed and other water plants. Its size, when expanded, is one-twelfth of an 
inch ; the length of the case one twemty-fourth ; and that of the eggs are one- 
ane hundred and fftieth of an inch. 
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The Hornwort Limnias, or Water Nymi'h, — This animalcule, like the one 
immediatfily preceding, is enclosed iu a oylindricaJ case, which, at first, is white 
and transparent; but aftorwarda assumes a brownish hue. The mutter com 
posing the case is glutinous, and extraneous particles often form a coating upon 
it« smooth surface. Unlike the Mellcei-ta, its rotatory organ is divided into two 
leaves only, fringed with vibrating cilia. 

The Limnias has two red eyes, which can only be discerned when the animal- 
cule is very young. These organs, together with the jaws, may b« seew 
in the Limnias in the egg, before it has burst the ti'ansparent shell. Ill' 
figure 73, a group of these interesting Infusoria are delineated as they ap- 
pear attached to a stem of hornwort ; a plant of which they are so fond that they 
have been designated by its name. The several individunls are here seen more 
or less protruded from their cases ; for, like the rest of the flower-wheel animal- 
cules, to which they belong, they are endowed with the power of extending 
themselves beyond the margin of their eases, and of shrinking completely within 
them. The parent animalcule ( a ) has its wheelwork fully pi'otruded ; its jaws 
and teeth are apparent at b, and within the sheath a row of eggs (ecec) are visible 
In figure !4, a yonng Limnias is represented as it appears when just es F'b- '*■ 
caped from the egg ; in this minute specimen the jaws and teeth, and 
the two red eye-specks are clearly perceived at a and b. The length of the i 
Limnias is about one-lteentietk of an inch, and that of the case one half m 
thf size of the animalcule. 

The Elegant Flower-shaped Animalcule. — Another type if the flouer 
shaped animalcule, and which, from its beauty, has received the above name, 
is represented in figures 75 and 76, upon the stem of a water-plant It is 
enclosed in a delicate and flexible crystalline case (a) and its rotary organ is 
divided into six leaves, (6 b) from the ends of which brushes, formed of very 
long filaments, project. This creature is capable of expanding and contracting 
itself to a very great extent ; for at one time it can thrust out nearly the whole 
of its body bej'ond its sheath, as seen in figure 75 ; and at another conceal 
itself completely within, leaving nothing but the long cilia projecting without, 
as displayed in figure 76. In extending itself, the flower-shaped animalcule 
moves slowly ; but its contraction is quickly performed ; and in effecting this 
change in its shape, the animalcule not only shortens its body, but also the flex- 
ible ease, which gattiers down upon itself in drcular folds. They are very vora- 
cious creatures, feeding upon great numbers of monads, and the little ship- 
animalcules, which can often be distinctly seen within the stomach, as shown at 
c. The position of the jaws and teeth, with which they crush and tear their prey, 
is indicated by the letter e ; and their structure and arrangement are apparent 
in figure 77, which represents tiiis formidable apparatus veiy highly magnified. 
In figure 76, a young animalcule, with its two eyes, is seen at/, in the envelope 
containing the eggs of the parent. The size of the Flower-shaped animalcule 
is about the one-one hundred and eighth part of an inch. 
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CHAPTER II 

MICSBOSCOPIO FOSSILS. 






When the encased protophytea die, their soft and gelatinous parts quickly de- 
compose; but their shells or cases remain, retaining for ages their peculiar lorma and 
structures. To such ao extent do these minute plantules swarming throughout the 
waters of the globe, increase, by their various modes of production ; and so rapidly 
do these myriad generations succeed each other, that the shells of organisms whieh 
perished centuries ago are now found in a fossil state, constituting a large proportion 
of the materials of extensive tracts of land, several feet in thickness, that cover the 
surface of the earth for many miles. These cases consist for the most part of lime, 
iron, and flint, and entire ranges ofhills and masses of rock are composed of these 
minute envelopes. Dr. Ehrenberg has ascertained, that no leas than five kinds of 
rocks and mineral substances consist wholly or m part of the fossil shells of 
organisms, and that three other kinds have probably the same origin. Bog iron is 
made up of microscopic iron Bhells, and the remains of the Diatomaoeie have been 
abundantly discovered in beds of marl. 80 numerous are these fossil coverings amid 
the chalk clifia, that they are detected in the amallest portion of dhalk that can be 
taken up on the point of a knife. The deposits at the mouth of rivers frequently 
consist, to a large extent, of protophytes, both living and fossil; and the land is thus, 
in many places, continujJIy advancing upon the sea, from a cause which, until a few 
years ago, had entirely escaped observation. 

The searching investigations of distinguished naturalists have furnished a most 
interesting fund of facts, which fully attest the truth of the above remarks. In Bilin, 
in Bohemia, a mass of slate has been discovered, forming a series of strata,/w(''ieen/ee{ 
tiiick, almost entirely composed of the flinty sliells of the Diatomacese, It is used 
when ground, as a polishing powder, iinder the name oStripoU. A single druggist's 
shop in Berlin disposes yearly of more than twmtiy hundredweight, and the supply 
is still sufficient for the demands of trade. The smallest amount of this powder, 
when examined by the microscope, is seen to be full of the fossil remains of plan- 
tules, as is likewise true of tripoli from other localiljes. A cubic inch of the Bilin- 
■ ' ' ' ' d and twenty grwns, and contains no less than (40,000,- 
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000,000) fortu thousand mUlions of diatinot, organic forms. The species of Diato- 
m;ice», of which nearly the whole mass is compacteii, is the divided Galiionella, or 
box-chain organisms; a kind of Diatomacefe which has already been described. A 
specimen from this slate is delineated in figure 78, magnified three hundred times. 
Its natural length does not exceed ooe-sixtli of the thicliness of a human hair, and 
tte flinty fihel! of a single galiionella weighs only the owe gjg. 78- 

hundred and eight}/-sevm miUamth part of a gram. The identity (jmr\nnr,iTnf||Tnri\ 
of the fossil and living plantules is seen at a glance by comparing I HIHHJUUtJuKIUUUJ 
the engravings in which they are respectively represented. In 
Tirgima, exl^nsive beds of flinty maris hnva been discovered by Professor Rogers, 
composed, in a great measure, of the shells of different species of marine organisms. 
The towns of Richmond and Petersburg are built upon these strata, which vary in 
thickness from twelve to t-wenty-fimi feet, and comprise tracts and districts of con- 
siderable extent. So full is this earth of microsoopic fossil remains, that when a 
little of it has been mixed witii a drop of water, and the liquid has evaporated 
from the glass slide, the smallest stain left upon the surface abounds with curious 
vegetable structures, whose living types inhabit, to a great extent, the neighboring 



lo figure 79 are shown two species of Naviculi, which, with 
several others, have been recognized in tlie Richmond earth ; but the 
most exquisite structure here revealed is a beautiful saucer-shaped 
shell, the surface of which is divided into hexagonal or sii'Sided 
figures, like the cells of honey-comb. The protophyte to which it 
belongs ifi call ed, from the appearance of the shell, the Cosciw}di»MS,''' or 
6ieve-iike disk theie are several species of these organisms, whose 
sheik vary m size from one-hundredth to one-thouseaidtk of tm inch m 
diameter. 

In figure 80 i": dioplayed a portion of the circular shell of . 
Jound m the Virginia marl, which has received the name of the 
Radiated cosnnodiscus It js shown very highly magnified, and 
the rich and peiiect arrangement of symmetrica! forms here ex- 
hibited, is but ft faithful copy of the wondrous original. Thew 
beftutiful fossil shells are not confined to the Eicbmond locality 
but have been discovered in the chalk maris of Zante and Oran 
and Col. Fremont likewise found them in Oregon, at the Riviere 
Aux Chuttes. The various species of this protophyte exist in % 
living state in the sea near Ouxhavea, at the mouth of the Elbe 
and the radiated coscinodiscus has also been detected in tl e 
waters of the Baltic, near Wismar. 




A like deposit of microscopic sheli^ Jifimi fiet ^ich, e 
Andover, Ot., and Ehrenberg remarks, in hi.s memoir 
MioTOSOopic life of North and South America, " that simil 

L^ibro-lor," 



sat 
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In Sweden aod Laplacd, a white, mealy earth is found distributed in layers, 
sometimes thirty, feet in thickness. It is wholly oomposed of the shells of Diato- 
maoese, and "when mixed with the ground barli of trees is used by the inhabitants 
as an article of food in times of scarcity. The same kind of earth occurs in San 
Piora i ! T isoany and also near Egra in Bohemia, about three feet below the 
surface of the ground To the eye it appears when dry like pure magnesia; but 
■when examined by the microscope, it is seen to consist entirely of a ridily figured 
specie' of a Diatom which is called the Oampilodiscus. A specimen from this 
Pie 61 local ty, very highly magnified, is delineated in figure 81. Its 

natural siae varies from lyti^four hundred and thiTlielh to one-tieo 
ku -dred mid f)Ttkth of cm meh. In the province of Luneberg, in 
'^nxony, a layer of this kind of earth also occurs, iwenUj-eighi feet in 
thickness, v?hich is the greatest deposit that has yet been discovered: 
and similar strata have been found in. Africa, Asia, and the South 
Sea Islands On the banks of the Amazon, in South America, a bed of fine clay 
occurs of the same nature. It is not a recent deposit from the swelling of the 
river; but is an ancient bed whose age is undetermined, and exists as an elevated 
e plain, shaded with woods and the thick foliage of forests. 



MioEosoopio Fossils is Cbaik aitd Flist. — Chalk consists in a great n 
fossil stractures, together with minute shells, so exceedingly small that a million 
distinct structures are computed by Bhrenberg to be contained in the space of a 
cubic inch. These organic remains constitute nearly half the bulk of the chalk of 
Northern Europe, and exceed this proportion in that of Southern Europe, The 
portion of these chalk formations that is not organized was originally shells, which 
having become decomposed, now form a cement for the organic remains, uniting 
them togetiier in one compact mass. The lai^er shells are perceived, when the 
sediment obtained by brushing chalk into water is closely examined ; but in order to 
detect the true microscopic structures, the following process must be adopted, which 
has been pursued by Bhrenberg. A drop of water is flrst placed upon a thin aUp of 
glass, and then upon the water as much scraped chalk must be spread as will cover the 
fine point of a knife. After leaving the chalk to rest for a few seconds, the finest 
particles suspended in the water must be withdrawn, together with most of the 
liquid, and the remainder suffered to become perfectly dry. This sediment must 
now be covered with Canadian balsam, and the glass held over a spirit lamp until 
the balsam becomes ahghtiy fluid without froth or air bubbles. In this state it is 
kept for a short time, until the balsam thoroughly penetrates every part of tlie 
sediment^ flowing into the chambers and cavities of the microscopic shells, and 
causing their structure to be more readily detected. When a preparation thus made 
is magnified three hundred times the chalk is seen teeming with minute organic 
forms, the peculiarities of which are so clearly revealed, that the observer is enabled 
to arrange and classify them with the utmost ease. Flint, to a large extent, has 
also been proved to be of animal origin ; and a distinguished English naturalist has 
observed, that masses of flint, or nodules as they are termed, are ahnosl entirely 
tmiposed of the shells of minute animals, mingled with the scales of fishe?, 
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zoophyten, and the remains of iiuineious oiinute animals. The mioroscopio animal 
structures that abound most in the chalk and flint of England are two liinds of 
Polythalaraia* oc laany chambered shells; termed the Rotalia,t ov wheel-shaiped 
animal, and the curious Textularia,! or eniwined animal. With these are combined 
Vaat numbers of minute shells, belonging to an extensive class of small animala, 
which, on account of their being covered with pores, have received the name of 
Foraminifera.g 

The shells of the Foraminifera differ in their dimensions. Some of them are per- 
fectly mierOBOOpio. being invisib'e to the naked eje ; while others are of the size 
and shape of a dollar ; and From their resemblance to a coin have received the ni 
of NummulitesJI or joisU-money. PifrSa 

In figures 82 and 83 are delineated 
two microscopic shells of the Eoialia, 
each of which is seen to consist of i 
several compartments, like that of the 
nautilus ; though they are distinct 
from the latter in their nature. The 
specimens, from which the original 
dirawings were taken, were discovered 
represents a portion of a nautilus found 
the shell are clearly seen, partially separated from each other. The three figures 
here presented are alt very highly magnified. 

A beautifiil species of microscopic fossil, that is likewise found in chalk, is the 
Crosier-like shelf, which in its advanced state changes its original shape, and assumes 
the graceful form shown in figure 85, which presents a side view of the object. 
This fossil was found at Chichester, by Mr. Walter Mantel!, and is here shown as it 
appeared whea magnified eight times. 





Another kind of the microscopic many-chambered sheila is the F^-dtapcd animal 
rbasil, which occurs abundantly in the chalks of France, and is also found m those 

* From pohM ((JreeW, manv, ana OaHaaos (latin), ft oSanifcer, 

t Prom rala iLMJnl, a «ift«t 

t Prom leeWHO ILaan), wasen-work. 

S ^/ommi. (I:»tift ov^im, miferrs iUXl^), to ft™-. 
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of KiiKlaiid. A p ofile f 1 s h 11 tn tn fl d vel imes, and bearing some 
resemblance to fa 1 o vn n iigu e ''b When a da view is taken, and the 

foseil is bigl ly ma^c fie i tt e Tieanty of the t uotu e becotnes more apparent, and 
the fluted projections, d d, are revetded as elegant spiral shells, divided into several 
apartments, aad presenting an appearance similar to that which is exhibited in 



The Ifeciidon'a or mftoined animal has the figure of a cluster of 
globes, rising in the form of a pyramid, and when a section is made in 
die direction of its len^Lh, it displays the different cells into which the 
I cavity of the shell is divided. In figure 88 is shown a specimen from 
the marl of the Mount of Olives, and an outline of the American sextu- 
laria is also exhibited in figure 89. This species differs in aome respects 
from other Teitularia, being wholly local and peculiar to the chalk marls 
~ of the tipper Missouri ; of «hich vast deposit it forms tbe prin- 

cipal part. The living Xanthidia, or Cross-bar protophytes, 
have already been described ; and in figures 90, 91, 92 and 93 
are presented several specimensaa they appear in flint In this 
stone they often occur in great abundance, no less than twenty 
beingonce discovered by Mr. Hamlin Lee, in a chip of flint, the 
surface of which was soaroely the tiaelflh of an inch in diameter. 
These organi'-ms are easily detected in flints which are Wansht- 
\ cent; the only preparation required being simply to select the 
1 thinnest and clearest flakes, struck off by the blow of a haro- 
' r, and before viewing them with a microscope, to ii 

m in oil of turpentine, in order to render them more 

parent. The specimens of Xanthidia represented in figures 90, 91,93 and 93 
taken from a remarkable group, described by Dr. Mantell, and found by his si 





flake of flint. This flake is delineated of its natural size in figure 90 ; in figure 91 
it is considerably magnified, and the several fossils are distinctly ?een. Figures 92 
and 93 are two of the specimens very highly magnified, and are a variety of the 
Branched XantUdium, which is found only in a fossil state. That they belong to 
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Hie race of the XantViidia is evident from the resemblance they bear to the draw- 
ings of Oie living specimens, figures 40 and 41. Five specimens were found in this 
fi-agmentof flint, varying in diameter from one-ihree hundredth to one-Jive hundredth 
of an inch. 



Peat Boos. — The peat bogs both of ancient and modern origin, are frequently 
found to contain beds and layers of a white flinty earth, which is entirely composed 
of the shells of protophytes. In many, swampa of Ireland and England, earthy strata 
of this peculiar nature have been found ; and in this country, Proi! Bailey has dis- 
covered near West Point a deposit eight or ten inches thick, and in nil probability 
seTftral hundred yards in extent, wholly made np of the flinty shells of the diatoma- 
ceous organisms, in a fowil state, " This deposit," says Prof. B., " is about a foot 
below the surface of a small peat hog. immediately at the foot of the southern escarpe- 
ment of the hill on which the celebrated Fort Putnam stands. In draining tnis 
bog a large diteh was dug, and among the matter thrown out, my attention was at- 
tracted by a very light white or clay colored substance, which, when examined 
closely in the sunshine, showed minute, glimmering, linear particles. On submitting 



t to observ 




of a good microscope, I found it to be almost t 
composed of fossil organisms. There can be , 
no doubt, that in this place there are several 
ions of the shells of beings so minute as to be 
barely visible as brilliant specks, when care- 
fully observed in a strong light by the naked 
eye. Hundreds of years must have elapsed 
before such an accumulation could have been 
made." The kind of shell thai is most abun- 
dant in this earth is delineated in figure 94 
magnihed three 



, the 



appt-a 



of the earth diffused . 

magnified about fifty tim 
here seen consisting of a great number of shells of 
sizes, clearly proving that the deposit is nothing mor^ 
blage of immense multitudes of minute C " ' 



presented by 3 



s 95 V. 






FoRAMiNIFEKA. — The fossi! shells of these minute forms of animal life now exist 
in such profusion, 'rising into mountains, and extending in broad and deep layers 
beneath the surface of Qie earth, that it has been observed by the learned Dr. Buck- 
land, " that the remains of such minute animals have added much more to the mass 
of materials which compose the exterior crust of the globe, than the bone of ele- 
phants, hippopotami, and whales." 

In these vast collections the .fl/Mmm«ff(cs largely prevail. They are divided into 
numerous species, varying in dimensions from the size of a crown-piece to that of a 
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1] of sand. The spirsl shell of the nummulite is delineated in fig;iire 96 : it is 
FlE M separated mto a very great number of small cells of nearly equal extent, 
— ' ■which communicate with each other by an opening through the partitions 
of the several chambers. It is supposed that each cell once contained it 
distinct animal, and that the entire shell formed the common habitatjon 
of'a Tnst multitude. The chalk formation at Bayonne and of the Pyrenees, 
consists of beds of crystalline marble, composed of nummulites, and the 
vast limestone range at the head of the Adriatic Gulf, is also constituted of nummu- 
lites, having the shape and size of a small pea. At Suggsville, in the United States, 
is a chain of mountams three 'hundred feet high, entirely made np ofa single species 
of this fossil. The great pyramid of Egypt, which covers eleven acres of ground, 
and rises to the height of about 600 feet, is constructed partly of limestone, which 
consists of nummulites and microscopic fossil structures that Ibrm a cement for the 
larger shells. 

There exists !n the north of France an extensive tract of country, one hundred 
and eighty miles long, and about ninety in breadth, within whose limits Paris is 
included. This region is termed by geologists the Pans Basin, and the exterior 
crust of the earth is here composed of layers or strata of sand, marl, and limestone — 
alternating with beds of plaster of Paris (gypsum) and flinty matter. These vast 
beds of marl and limestone are full offoraminiferous and other forms, and deposits 
of great thicknesses have been discovered, which are entirely constituted of nummu- 
lites no krger than a grain of millet seed. The limestone from the quarries of Gen- 
tiUy abound to such an extent with microscopic structures, that a cubic inch is cal- 
culated to contain on an average no less than 58,000 shells, and the beds thus con- 
stituted are of great extent and thickness. It is even asserted by geologists as an 
undoubted fact, that the edifices of the splendid capital of Fi'ance, as well as of the 
towns and villages of the neighboring provinces, are almost entirely built of stones 
composed of the shells of foraminiferous animals ; and that these minute fossils are 
scarcely less numerous in other tertiary formations, extending in the south of Prance 
fi'om Champagne to the sea. They likewise abound in the strata of the Gironde, 
and in those of the basin of "Vienna. The invisible, calcareous polythalamia, or 
many -chambered shells, form, according te Ehrenberg, the compact oarth and rocks 
of Central North America, and constitute immense deposits at the sources of the 
Mississippi. Even the stupendous chain of the Andes, belonging, as it does, te the 
chalk foi'mation, is conjectured to have been originally composed of minute organ- 
ised remains, whicli have since been changed by volcanic action. 

Vast beds of microscopic forms occur in Patagonia, the extent and arrangement 
ofwhich.iathus described by Darwin : " Here (uong the coast for hundreds of miles, 
we have one great tertiary formation, including many tertiary shells, all apparently 
extinct. The most common shell is a massive, gigantic oyster, sometimes even a 
foot in diameter. The beds composing this formation are covered by others ofa 
peculiar, soft, white stone, including much gypsum, and resembling chalk, hut really 
of the nature of pumice stone. It is highly remarkable from its being composed, to 
at least one-tenth of its bulk, of minute fossils, and Prof. Ehrenberg has already rec- 
ogniaed in it thirti/ Tnanne forma. This bed, which extends for five hundred miles 
along the coast, and probably runs to a considerably greater distance, is more than 
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tight hvaidTedfiet in thickness at Port St. Julian." In volcaDic productn, which have 
been nei>e?sarily subjected to the action of the moat intense heat, the remains of 
pi-otophjtes have been detected, inuredible as it may appear. The Island of Ascen- 
sion is of volcanic origin, and portions of a piuk-colored, porous rock, which had 
once been flowing kva, were here taken and preserved by Darwin, These speci- 
mens were examined by Bhrenberg, who discovered, among other ingredients of 
which they were composed, the flinty shells otfrah water protophytes. 

A large part of the sand at the great African desert consists of the fossil shells 
of small animals: and such is the fact in regard to the valley of the Nile. Numer- 
ouB specimens of the deposits of this river, taken from various localities along its 
coarse from Nubia to the Delta, have been carefully examined hy Ehrenberg ; and 
in such profuMon were fossil sponges, the flinty cases of Diatoms, and various spe- 
cies of Poly thaiamia discovered, that not a particle of this soil of the sim of half a 
pin's head could be found, in which (allowance being made for certain chemical 
changes that had occurred) there was not one, and ollen several, of these fossil 
organisms. 



MtiD- Banks. — In the harbor of Wisraar, on the Baltic, there is deposited, every 
year, as appears from official documents, 228,854 cubic feet of mud; and the accu- 
mulation has continued at this rate for more than a hundred years. In the course 
of a century a deposit has therefore been made to the extent of 22,885,400 cubic 
feet, equal to 3,240,000 hundred weight. These mud-banks were examined by Eh- 
reaberg in 1839 and 1840, and the surprising discovery was then made, that from 
One-twenii^ to one-fowrth of the sediment was composed partly of living Diatoms, 
and partly of the flinty shells of others that had perished. On an average tme'tenih 
part of the entire mass consists of microscopic forms, and hence the annual deposit 
of these structures in the port of Wismar amounts in bulk to 22,885 cubic feet, 
which, if it was dried, would weigh not far from/!>rfy tons. In the mud-banks of 
PiUau, the remains of Diatoms were found in greater abundance than in those of 
Wismar. At both localities many of the forma were entirely new, and others were 
Identical with living protophytes that inhabited the waters of^ the neighboring 

The mud deposited by the Elbe at Cuxhaven, was found by Dr. Ehrenberg to be 
exti'emely rich in organic remdns — nearly haif of the sediment consisting of the 
flinty cases of Diatoms, and various species of the Polythalamia or many-chambered 
shells. The flinty cases of protophytes have been found at the bottom of the ocean 
in the mud of the coral islands beneath the equator, and no less than sixty-eight spe- 
cies have been discovered in the mud at Erebus Bay, near the Antartic pole. The 
examination of the sediment deposited along the Atlantic coast of America, haa 
revealed similar facts. Diatomaceous forms have been detected in the mud of Bos- 
ton harbor, and in the marine marshes at New Haven in Connecticut; and numer- 
ous elegant infusoria! structures and many -chambered shells have been found at 
Amboj in New Jersey, in the mud adhering to oysters as they were taken from 
their beds. 

In view of facts like these, it has been asserted by naturalists, that the deposit* 
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in liirbors, and the accumulation and amazing fertility of the mud of the Nile, and 
probably of other turbid rivers, are to be attributed in a great measure to the agency 
of invisible forms, whose countless generaliona succeed each other with, astonishing 
rniidity, leaviug the curious structures iu which thev were encased as the durable 
n jords of their e: 



These gradual accretions have \ieen accumulating for centuries, and are at this 
moment still in progress. The sea now swarms with races of minute organisms, 
whose fossil types are contiauallj discovered in beds and strata of unknown anti- 
quity. In salt water, taken from Ouxhaven and various other places, no less lian 
Verity genera and for^ living tpecies have been discovered by Ehrenberg, which he 
regards as identical with those occurring in the chalk formations. And out o!haen(y' 
eight species of fossil structures belonging to the various species of the Diatomaoeie, 
he has detected /our teem fresh water and five marine species, now living; the 
remaining nine are either unknown or extinct forms. 



The Dlatomaceie that crowd the seas are devoured in multitudes by the ci 
scallop and other molluscous animals; for when their stomachs are examined they 
are found to contain thousands of microscopic flinty shells, which, from their nature, 
-were incapable of being di^sted. When a few atoms of the food which a scallop 
has taken into its stomach is viewed by the microscope, it is found teeming with a 
rioh collection of curious shells, closely resembling the beautiful structures that con- 
stitute the Richmond deposit, not only in form but in arrangement — so striking is 
this resemblance, that it is said to be extremely difficult to distinguish between the 
recent and ancient remains ; and that even an experienced observer would be 
liable to confound them, unless the glass slides, upon which they were mounted, 
were labeled. 

The guano imported from the isle of lehaboe has been found to contain the beau- 
tiful shell of the OosdnodisciB, and other DJatomaceous structures of great elegance 
and richness ; and, as we gaae upon these minute caseSj we cannot fail of being 
struck with the fact of the great resistance to decomposition which they possess. 
In this instance they must have gone through the process of digestion twice, and 
been subjected to the action of the elements for centuries, G-uano, as is well known, 
is found within certain latitudes on uninhabited islands, which have been, for i^es, 
the abode of innumerable multitudes of marine-birds. It consists of their excre- 
ments, which have been accumulating for century after century, until they form 
layers of great thickness; many beds having been discovered in the islands of the 
Pacific, off the Peruvian coast, having a depth of thirty-five or forty feet. The 
siliceous shells, detected in the guano, are the remains of Diatoms devoured by fish, 
which, afterwards, became the prey of voracious sea-birds. Thus the shell passed 
through the stomach twice, and tlien remained in the guano-bed for an unknown 
length of time, subjected to those common causes of decay which turn the solid 
rock itself to dust. But under all these influences they continue unchanged, and 
the eye of the naturalist at last detects these minute structures still possessing their 
original beauty, with tlie delicate tracery of their rich configurations, almost as 
sharp and clear as it was, perhaps, a thousand years ago. 
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Dust Showers. — The foBsil shells of protophytes, which lie mingled with the soil 
of the earth, are not unfrequently carried up into the air in the clouds of dust that 
are raised aloft by the winds, and borne along on the currents of the atmosphere, 
to a distance almost incredible. Darwin nolJced that the atmosphere of St. Jago, 
one of the Cape de Terde isles, is generally hazy, owing to the fail of an' impalpable 
flee dust, of a brown color. A-small quantity of the dust was collected by this gen- 
tleman, who received also. fromMr.Lyell, four packets of the same kind of powder, 
which fell on a vessel a few hundred miles northward of the Cape Verde Islands. 
Five parcels were sent to Dr. Ehrenberg for examination, who found it to consist 
chiefly of the flinty cases of Diatoms, and the siliceous tissue of piauts. No leas 
than eixtj/sevm distinct kinds of rare structures were detected of which sixty-four 
were fresh-water species, and the remaining two marine. 

The same observer, upon investigation, met with fifteen accounts of dust falling 
upon vessels when far out on the Atlantic, off the coast of Africa. It has been 
here known to descend upon the decks of ships, at the distance of several hundred 
and even a thousand miles from shore, and when land was distant to the north and 
south, full SKcteen hundred miles. The dust is distributed thickly through the air, 
soiling everylliing on board, injuring the eyes, and rendering the atmosphere so 
hazy that vessels have been known to run ashore in consequence of tjie obscurity 
thus pToduoed, This dust is believed to come from the African continent, from the 
iact that it occurs when tlie wind is from that direction, and at the same time thai 
the harmatlan prevails, which is a periodical wind that blows from the interior of 
Africa towards the Atlantia Clouds of the finer particles of sand, from the arid 
deserts of this continent, are horne aloftby the sweep of the harmattan, and carried 
far out over the sea upon the higher currents of the atmosphere. At the distance 
of throe hundred miles from land, Darwin discovered, in the fallen dust, particles of 
stone the thousandth part of an inth sqtiare, mixed with matter still finer. 

In reflecting upon the facts just adduced, we see, that in order to become 
acquainted with the structure of the world we inhabit, it is not sufficient to trust 
to our unassisted vision. Wonders, and problems the most curious and interesting, 
will meeL the gaze of the naturalist at every step he takes ; but unless he explores 
the secrets of nature with the magic glass of the microscope, half of the treasures 
of truth will be still unrevealed : sealed from his vision by impenetrable dark- 



A question naturally arises, What are the ends which these microscopic animal 
organisms, whose modes of existence, habits, and structures have been discussed in 
the preceding pages, suhserve in the economy of the world? To them have been 
attributed malignant influences ; for the various epidemics, which at intervals have 
swept down our race, have been supposed by some to originate in a " living cloud " 
of existences, dwelling in the air. But of this we know nothing certain, and a 
more satisfactory answer cannot be given than that which is contained in the words 
of Professor Owen, who thus unfolded his views upon this subject, in one of his 
lectures ;-—" Consider their incredible numbers, tiieir universal distribution, their 
insatiable voracity, and that it is the particles of decaying vegetable and animal 
bodies which they are appointed to devour and assimilate. Surely we must, in 
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some degree, be indebted to these ever active, invisible scavengers for the salubrity 
of the atmosphere, and the purity of water. Nor is this all; they peiform a still 
more important office in preventing the gradual diminution, of the present amount 
of organized matter upon the earth, For wheii this matter is dissolved or suspended 
in watar, in that state of eomraiaution and dttoay which immediately precedes its 
final deoompositiou into the elementary gases, and its consequent return from the 
organic to the inorganic world f these wakeful members of nature's invisible police 
are everywhere ready to arrest the fugitive organized particles, and turn them back 
iuto the ascending stream of animal life. Having converted the dead and decom- 

tiosmg particles into their own living tissues, they themselves become the food of 
ai^r Infiisoria, and of numerous other small animals, which, in their turn, are 
devoured by larger animals; and thus a food, fit for the nourishment of the liighest 
organized beings, is brought back by a short route from the extremity of the realms 
of organized matter. These invisible animalcules may be compared, in Che great 
organic world, to the minute, capillaries in the microcosm of the animal body; 
receiving organic matter in its atite of. minut;est -subdivision, and when in full 
career to escape from the organic system, and turning it back by a new route 
towards the central and highest point of that system." 
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CHAPTER III. 

MIKUTB AQUATIC ANIMALS. 



"Then Bweet (o muse upon Hie skill displayed 
(InQnita skill) in all that he has madu I 
To trace in nature's most minute design, 
The signature and stamp of power divine ; 
ContrivBJioe intricate, expressed with ease, 
WBere unassisted sight oQ.h^Buty sees; 
The shapelj limb and lubricated join$ 
'Witliiu the sniall dimensions of a point ; . 
Muscle and nerve miraculously spun, 
Hia migJity work who speaks and it is done." — Oowpeb. 

The Polype, — This singular animal, of which there are several species, is 
found abundantly in ponds and brooks, attached to the leaves of aq^uatio plants, 
and to the sui'face of twigs and branches that have fallen in the water. Its body, 
which simply consists of a collection of cells, formed of grains of green and 
brown matter, possesses the power of expansion and contraction, and appears, 
when extended, in the shape of a jelly-like tube, about the size of a biistle ; 
tapering from the upper to the lower extremity, and having a length ranging 
from c!he-quarter to three-quai'ters of an inch. The mouth is furnished with 
feelers or arms, which vary in number, in different specimens, from six to sixteen, 
and are employed by the animal for the purpose of. seizing its food. Though 
appearing to the unaided eye as attenuated threads, the microscope shows them 
to be, in fact, slender tubes filled with a fluid, and consisting of a aciies of cells like 
the body of the animal, "When contracted the polype appears like a tiny 
ball of jelly, hardly one-tenth of an inch in diameter, and the long arms or 
feelers shrink into little conical eminences, ranged in a circle around the upper 
part of the body. 

Figures 97, 98, 99 and 100 present a magnified view of several polypes, in 
different states of contraction, with their prey within them. A species, termed 
from its color the Green polype, is delineated in figures 97 and S8 and another 
kind, the Brown polype, is represented in different attitudes in figures 99 and 100. 
The small circles exhibit the spedmena of their natural size, The mouth of the 
polype is unfurnished with teeth, and presents different appearances, according as 
it is more or less contracted ; at one time assuming the form of a cone, and at an- 
other appearing cup-shaped, with an aperture in the centre, capable of great ex- 
pansion for the reception of its food. This last form is shown in figure 08, 
where the animal is seen gorging its prey. The polype feeds upon sniall crustace- 
ons animals, worms and larvse ;* and when in search of food extends its body and 

* LarviB are the young of iusects in their cal^rpiUar state. 
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feflfrs to tlie utmost, spreading out the latter in different directions, so as to 
command hh extensive field ; as soon as an animal comes within their range the 
feelers twine themselves around it, and gradually contracting, convey the prey to 
the mouth of the polype. A polype in the attitude of watching for its prey is 
represented at b, in figure 9T. It sometimes occurs, that the animal attacked 
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by the polype moves so rapidly as to prevent the aaaailant from instantly secur- 
ing his victim ; in such a case the latter is seen to sink into the water after its 
attack, and remain to all appearance lifeless for the space of a few seconds, before 
it regains its nsiial vigor. Naturalists have consequently been led to suppose 
that the polype possesses the power of paralyzing its prey by weak electric shocks, 
in the manuer of the torpedo and the electric eel. In this way only can they 
account for the fact, that such slender ot^ans as the arm^ of the polype are 
able to secure animals comparatively so large and powerful, when striving with 
their utmost power to escape from the fatal coils in whicli tliey are entwined. 
Dr. Mantell once beheld a lively polype seize two large worms at the same 
instant, when its extended arms were so attenuated that they were scarcely visi- 
ble without the dd of a lens ; and yet the worms, though struggling desperately 
for their lives, were unable to burst from the slender bonds that encircled them, 
and in an instant lost all power of motion : the same eifect is produced upon 
the Watei-flea, an extremely vivacious httle ci'eature, when struck by the feelers 
of the polype. The power exerted by the arms is considered to be electric in 
ite nature, inasmuch as the polype has never been found to possess a sting or 
destructive weapon of any kind. 

The stomach of the polype consists of the whole internal cavity of the crea- 
ture, aiid when its prey has been seized. and devoured, the body and feelers are 
no longer extended, but contract, as shown in figures 99 and 100, where a, figure 
09, represeots a polype partially contracted, and figure 100 on nt' ly o 
While the process of digestion is advancing, the polype is very slug i and the 
whole nutritive fluid is disseminated throughout the internal surfac botl ot the 
body and the feelers, iinparting to them a colored appearance ; thu wl en a 
red worm has been devoured, the hue of the prey tinges the enti e su face of 
the polype. The polype multiplies by buds and shoots, which spr n out of the 
trunk of the parent, as shown in figure 99. If it is kept in a veatel of wate 
and well provided with food, two or three shoots are seen, when tl e eath 
is warm, growing out of its body at the same time, and from these S n hes 
while yet attached to the parent trunk, other sprouts and ff ta pu h 
vigorously forth. When a young polype is about to come into e tence hat 
part of the body from which it will grow swells beyond its natural size, as shown 
at ft, figure 97. This protuberance coutinues gradually to increase, and when a 
suffident enlargement is attained the head of the youna: polype appears, and its 
arms are protruded, and by the aid of tlie latter it now supplies itself with food, 
in the manner of the parent, as seen at c in the same figure. Until nearly the 
time when it separates fj'om its parent, the young polype possesses an internal 
communication with tlie latter, and also a common sensation ; for if one is dis- 
turbed and contracts the other directly does the same. 

The polype is endowed with the wonderful property of repi-odueing any organs 
of which it has been, deprived ; for its body, however mutilated, soon supplies its 
deficient members, and the creature becomes once moi'e a perfect and complete 
fluimal. If a polype is divided across into two parts, the ujiper portion, contain- 
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ing tlie arms, speedily provides it=e!f with a new body and tail and tli lower 
part pushes forth a freah bodj/ and head with its slender arms If the inimal ii 
slit down from the liead to the tail, but is not quite severed each of the two 
parts, thus left hanging together, becomes a perfect polype and thpj iive and 
loam through the water indissolubly linked to one another Nay nure if a 
polype is turned inside out, it aoon accommodates itself to this new « rinjement ; 
for the oiiginal outer skin, now lining the interior cavity, performs the office of 
digestion ; while the coating of the former stomach becomes the covering or 
skin of the polype. 

The possession of this strange feculty by the polype is not a matter of 
inference or conjecture ; inasmuch as it has been proved by experiments, beyond 
the possibility of a doubt. It was first discovered about a centun' ago, by Mr, 
Trembly, of Holland, whose statements were afterwards verified in England in 
every important particular, by the experiments of Mr, Henry Baker, of the 
Royal Society; and still later by Pritchard, who thus details one of his experi- 
ments. " Having selected a brown polype out of a glass vsse containing a good 
supply of them, none of which had more than seven arms, I severed it obliquely, 
the upper part comprising the greater portion of the head and four arms ; the 
lower part being the tail with the remainder of the head and two arms. These 
pieces were then put in a four-ounce phial of water, with a few small Crustacea, 
where they sunk to the bottom, apparently lifeless. Three hours after the 
operation I examined them, and found them in the same state. 

Twelve hours after this I found the lower part attached to the side of the phial 
by its tail, with its arms extended in quest of food ; the upper one still remaining 
at the bottom, but with its arms extended like the other. 

On the second day, a new tail was completed to the upper part of the polype, 
and the rudiments of additional arms were developed in both, and each portion 
appeared in good health. On the third day, the new arms were nearly of the' 
same size as the others, and in less t?tan a week each of the two polypes had a 
young one sprouting from it. The most curious circumstance connected with 
this experiment was, that the two new polypes had each ten arms, while that, 
from which they were produced, as well as those which were in the same vessel, 
had only six or seven." 

The number of paita into which this creature is divided presents no obstacle 
to the operation of this extraordinary law of vitality ; for a single polype has 
been cut into ttn pieces, and each part soon became a complete animal. 

The Eound LrncBUS, or Monoculds. — This name is given to the curious 
little creature, which is sho«n highly magnified in figure 101. It is covered 
with a delicate "hell, picsenting by its fine reticulations the appearance of mo- 
saic work. This envelope, with its minute divisions, is beheld in the drawing at 
a, and encases neaily the entire body of the animal. In some species the shell 
is adorned with diamond -shaped figures, in others its surface is composed of 
hexagons like that of a honey-comb ; and a diversity of other angular figures 
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enibellisJi the cases in the different I'emaining vaiieliea of tho Ljiio-juiS. Tlie 
shell is perfectly tvunsjiareut, and consists of a single piece witiiout hinge or 
joint; being siifficientlj' elastic to permit the animal to open it at pleasure. The 
position of the edges of tJie opening, is indicated ia the figure, on the under side, 
by the letter b. Not only is the animal itself protected by this delicate case, but it 
affords a secure retreat for the young when danger is near. They then escape 
from the approaching pei'il by swimming within the shell of the parent, which 
the latter opens for their reception, and closes as soon as tbeir entrance is effected. 
The two eyes of the Lynceus at d are of different sizes and are of a deep black 
hue ; while the rest of the animal is buff, approaching to orange The beak is 
seen at c, and the two hoi'ns or feelers at ^. Within the shell is a row of four 
false feet, easily discerned, that assfet the Lynceus in ci'eeping along the stalks 
of plants, to which it attaches itself by pressing their sides with the edges of its 
shell in the manner of a pair of pincers. These members also subserve another 
purpose, causing the animal, as it advances through the water, to pi'oceed with 
a revolving motion ; in which action it is also aided by the appendage I, which, 
striking against the water like a fin, renders the rotatory motion of the Lynceus 
more rapid. This organ, which resembles a tail, is armed with two strong 
olawa, is forked at the extremity, and fringed along the edges with rows of haira. 
The Lynceus feeds on animalcules, and is the food of larger watfii' insects. The 
position of the alomaoh is indicated in the drawing by the curved figure within 
the shell. 

The Small Water-Flea. — This little animal is found abundantly in ponds 
and brooks during the summer months, sporting abont in the waters with great 
activity. According to Pritchard, they are usually colorless in ponds covered 
with herbage, but in small collections of rain water in a loamy soil they glow 
with a fine bright red hue. A drawing of this animal, of its real size, is seen in 
figure 102, and a magnified representation in figure 103. The body of the 
Water-flea is covered with a kind of armor, formed of plates of shell that over- 
lap each other, and are capable of being moved sideways as well as up and down. 
. Their endsdonotmeet on the underside, thus affording a sufficient space for the 
insertion and motion of the organs of respiration, which are seen at a, but are 
exhibited with greater distinctness at c, where they are more highly magnified. 

The eye of the Water-flea, shown at rf, is of a dark crimson hue, and from 
each side of it, spring two pairs of horns, which consist of numerous joints, 
studded with bristles, two or more proceeding from each joint. 

In some species the sexes are distinguished by them, the males having a bulb 
about the middle of the right antennte, or horns, as shown in figure 104. The 
appendages which are seen attached to the lower extremity of the animal are 
the bags containing its eggs, and which are together, neai'ly equal in size to the 
bulk of the insect itself. Below these sacks the tail is forked and adorned with 
a plume of fringed hair. In most instances the shell of the Water-flea is trans- 
parent like crystiil, but it is frequently embellished with beautiful tints. Some 
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are of a bluish green, and others I'ed, with the receptacles of the eg'ga of a green 
cclor. In the Rpecimen from which the drawini; was taken the stiBll was riehly 
adorned with bright red Luea. 

Thb Vaultbr. — The appellation of Vault«r is given to the minute insect 
which is represented, highly magnified, in figure 105. It derives its name from 
the circumstance that it transports itself from place to place by suecessire leaps, 
in the manner of a flea. As a person approaches, it remains quiet for a short 
time upon the leaves of the plant on which it happens to be ; but soon springs 
away to some other place, a motion which it effects by bending its body and 
dar'.iiig away from point to point, by the force of the recoil. In England the 
Vuulter appears in the greatest numbers in the months of April and May, swariu- 
iiig upon the stalks and under side of the leaves of healthy daek-weed, growing 
on thi' surface of the water. Stagnant water, filled with decayed plante, is de- 
structire to them, and in order to preserve them, they must be provided with 
plenty of clear, pure water. The Vaulter is very active, and when caught, is 
usually detected in the eager pursuit of its prey. The encasing shell of this 
creature is similar to that of the Small Water-flea, but differs in having a greater 
number of parts. The body tapers also more gi'adually, and the horns do not con- 
tain so many joints as those of the former. It is also distinguished fi'om thi* insect 
by having under the beak a single organ of respii'stion, which is delineated in 
figure 106. This instrument is in constant motion, and causes a current of 
water to set towards the animal, like the cilia of the Infusoria. The legs are ten 
in number, and are fiinged with hairs ; and the tail of the Vaulter, which con- 
sists of two parts, is ornamented in the same manner. The eye is deeply 
imbedded within the shell, and its position in the figui'e is indicated by the let- 
ter c. The upper part of the Vaulter gleams with a bright red hue of various 
tints, fading down to salmon color on the under side of the body and legs ; 
while the tail, the tufts of hair which fringe the tegs, and the horns or feelers, 
are of a bluish green. The Vaulter is only one three-hundredth of an inch in 

The Larva op a small Boai^fly. — Tliis insect is so called from its re- 
semblance in form to a boat. They swim on their backs, and propel themselves 
with considerable force by means of their hinder feet, which are shaped like oars. 
Pritchard observes, that they are found during the spring, playing upon the aur- 
fece of ponds and streams, and immediately seeking the bottom when disturbed. 
They acquire their full richness of color, and attain their perfect state in the fall 
months, at which time they deposit their eggs, which are small in size, and con- 
sist of a jeilj-like substance. As the young advance towards maturity, they 
shed their skins several times ; at which periods they are colorless throughout, 
except the eyes, which are of a light crimson. 

They acquire their peculiar tints sometime afterwards, the lower part of the 
body changing through every variety of hue, from a pale yellow to a rich car- 
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mine. T!ie insect poa a essoa the form depictad in figure 107, which, presents a 
magnified view of its under side. The head (a), is of a yellow color, and on each 
side of it are placed two reticfiUtsd eves (6 b), of a deep criinsou hue. This crea- 
ture has three pairs of feet, fringed with hair ; the first of which often escape 
observation from their color and position. The second pair are generally thrown 
forward in a swimming position, as displayed in the figure. The hinder pair are 
the strongest, and are armed at their extremities with claws. The beak is hard 
and pointed, and in some of the larger species is capable of inflicting a severe 
PI 108 puncture. In the preceding figure this organ is shown fore- 

shortened, but in figure 108, the head and beak of the insect 
^cl are represented, highly magnified. The compound eyes are 
^\ seen at rfrf, and the beak at 6, The latter consists of several 
fi parts, is cased in a homy substance, grooved down the middle, 
^ and terminates in a fine, bard point. The inner wings of the 
>Boat-fly, when arrived at maturity, are fragile and delicate, 
and are protected from injury, like those of many other insects, 
by hard, shelly cases, under which they are neatly and com- 
pactly folded. The insect is ornamented with long hairs, 
which,along the lower part of the body and down the middle, 
are arranged in thick tufts. These tufts appear to be intended 
for the purpose of permitting the creature to float at plea- 
sure, without any exertion, and this result is effected in the following way : the 
iarva first rises to the top of the water, and then elevating the lower end of its 
body above the surface, lifts «p the rows of hmr on either side of its body, suf- 
fering the air to fill the channel or groove that they before occupied. EetMning 
the wr in this cavity, it thus becomes specifically lighter than the water, and now 
floats at ita ease upon the surface. When the insect wishes to descend, it smooths 
down the rows of hair into their former place, by the aid of its feet, and thus 
expelling the air, rendei's itself heavier than the water, and sinks. The margin 
of the body of this little creature is naturally of a bright carmine, the central 
portions of a yellowish brown, and the legs of a delicate straw color. Its food 
consists of the eggs and larvse of water-insects, and it often awaits its prey by 
lying at the bottom of the water with its beak upwards, ready for assault. In 
this position it remains, until its victim, unwarily descending, falls in a moment 
into the power of its destroyer. 

The Larva of a spboibs or "Water-Be ktlb. — The eggs from which this 
Larva is produced are found, in the spring and summer, adhering to the surfaces 
of aquatic plants. They are enclosed in a bag, a little smaller in size than a 
pea, which is fastened by a slight thread to the herbage. 

These eggs are readily hatched by placing them in a vessel of water, and 
exposing them to the sun for a tew days ; when the young soon appear, moving 
about the fluid with great activity. At first they are of a dark hue, but in a 



db,Googlc 



short time ihty shed tlisii- skin, during which process their color fades ; at th« 
same time their vivacity fursakes them and they abstain from food. 

As they recover, their color changes again, and diversified tints adorn their 
bodies. These creatures are extremeiy voracious; for if they are placed in 
water with other insects, the latter are soon found to be either mutilated or 
destroyed. 

This Larva, on account oF the transparency of the new skin, is in the best condi- 
tion to he viewed by the microscope soon after it has cast its old ekin, as the whole 
interior organization is then visible. This insect is thrniehed with two strong jaws, 
like a pair of bent pincers, which move horiaontaJIy and cross each other when 
oloaed. Their color is a bright chestnut, deepening in tint towards the points, which 
are hnrd and sharp. The aDimal seizes its prey with these instruments, and forcibly 
drawing- it towards itself, makes an incision on the body and sucks out tlie juices. 
Unless its prey is of great strength the Larva does not kill it before eating, but, 
aeiang.on any part Within its reach, devours it while its victim is alive. Having 
finished this portion, it turns the insect round and feeds upon a fresh part, and 
thus continues its repast until the whole of its prey is (jonsunied, except the 
)ikin. 

If the object of attack is a strong, aquatic animal covered with a shell, the 
Larva either seizes and holds it finaly grasped until it is exhausted by its efforts to 
escape; or, springing at it from time to time, cuts off its limbs in succession with 
its powerful nippers ; then, turning the disabled animal upon its back, the ferocious 
creature pierces the mutilated body, and imbibes its contents. In respect to the 
other parts of the animal, feelers branch out from the head, each composed of four 
pieces, connected by joints. On either side of the head is a cluster of eyes, six in 
each cluster; in some species they are arranged in a circle at equal distances from 
one another, while in others three or four are united in a group willi the rest a little 
separated from them. The organs of respiration are seen in their greatest develop- 
ment at the head, and their course from uieoce to the tail, through the entire length 
of the animal, may readily be followed. At the tail the different parts unite and 
terminate ; they are not simple in their structure, but numerous lateral subdivisions 
are thrown out between the extremities of the main organs. 



The entire body of the animal is composed of rings, decreasing in size 
from the head to the tail, which is forked, and consists of two strong spines 
with smaller ones branching froln their sides. When one of these is destroy- 
ed, Pritchard observed it to be replaced by another, which seldom, however, 
attains the size of that which is lost. The Larva is provided with six legs, each 
consisting of three joints ; bristling with formidable spines, fringed with hairs, 
and armed at the extremities with strong claws. The front part of the head, 
immediately below the jaws, is furnished with an arrangement like the teeth of 
a aaw ; but whether this apparatus is really composed of teeth has not yet beett 



dbyGOOgIC 



72 VJBW8 OP 1 

Mcertsined. This Larva feeds indiacriiiiinately upon all Itinds of aqiiatJo inaecta 
which it can master, and is itself the prey of the larger water-beetles. When kept 
together by themselves, without their appropriate food, they attack and devoui 
one another. If they are confined in separate vessels for a few days and then 
put together, they soon engage in fierce conflicts, seiKing each other with their for- 
midable jaws whenever a favorable opportunity oceura, and dispiaying the greatest 
courage ; the assailant aometimes engaging another of twice its own size. 
These creatures move very swiftly through the water, occasionally rising to the 
surface for the purpose of breathing. They sometimes hold their tails above Ihe 
water to attain the same end, admitting, while in thia attitude, fresh portions of 
fflr into the respiratory organs by means of the orifices near the lower extremity 
of the body. As these animals gradually increase in size they become more and 
more inactive, and are often infested with the liell-shaped animaleules. If this is 
the case the animalcules become exceedingly numerous, and when the Larva 
arrives at maturity, the surface of its body then appears to the naked eye to be 
covered with a fine down, which is nothing else than a vast collection of Bell- 
shaped animalcules. 



The LtTRCO, on Qltjtton.— Th q t an I resembles a caterpillar in form, 
and being transparent to ft certain de ff d anexcellentobject for the micro- 

scope, the internal structure of the atu e be n clearly discerned under a good 
light. Tlift Lurco is usually found n 11 t ons of water where grass and weeds are 
lying partially decayed. When ti day is b ht they rove upon the surface of the 
water, but cluster together at tie b tt m n 1 udy weather. Wo difficuky is 
experienced in preserving them alive for mouths in vessels of water, where they 
inoreftse rapidly both in sise and numbers, if bountifiilly supplied with their accus- 
tomed food. Pritchard states, that having caught in the month of June a number 
of specimens, virhich were nearly one-fifth of an inch in length, he kept them in a 
vessel holding about three quarts until the month of October ; they had been plenti- 
fully provided with monoculi, and by this time had become very numerous, congre- 
gating together in masses of considerable size, and some of the larger individuate 
had grown to the length of three-fi/lhs of an incft. The Lurco is not posseased of 
feet, but is furnished with small tufts of hair set alone its aides. Its mouth is fringed 
with hairs, and when open has the shape of a pear. The gollel^ oonnecting the mouth 
with the first stomach, is capable of instantaneous^ expanding to a great extent : 
it is never completely closed, and the prey of the Lurco, whi<* it always swallows 
alive, may frequently be discerned moving about in the first stomach and _ seek- 
ing to escape tbrough the month. The whole body of the creature is divided 
into a number of stomachs, separated from each other by a transparent ring of 
muscles, which expands and contract's to a considerable extent. 

The Lurco is endowed with very strong digestive powers, for its favorite food 
is monoculi, which are covered with a hard, shelly eaae. Theae it swallows entire 
with o'reat voracitv, filling itself to repletion, when it remains torpid like the 
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boa constrictor, as the process of digestion is advanciog. A Luroo of an average 
size has been known to deyour seven monocvU in tlie course of half an hour. At the 
end of this time liTeof them were seen moving in the first stomach, and the remain- 
ing two were lying in the second nearly dead. This voracious treature often swal- 
lows monoculi whose diameter is often longer than the ordinary width of its own 
body. In the figure three of its victims are seen withia (he Dody of the animal. 

Eels in Paste. — If a past* ia made ot flour and water, auJ kept for a few 
days, its surface will be covered with a Go]le<,tion of minute, light brown animals 
resembling eels in shape. Not the slightest indication of hfe can be found in 
the paste when freshly made ; indeed tLe heat to which it has been subjected in 
boiling would inevitably destroy any pievious vitality , and yet but a short time 
elapses eve it swarms with countless living forms, whose eMstence, under ordi- 
nary circumstances, terminates only with the entirp consumption of the paste 
upon which they feed. Adams, in his woik on the Micioscope, remarks, that 
there are four kinds of eela found in paste , that during the fiill and winter they 
are oviparous,* and the yonng eels may then bepercened proceeding Irom the 
«ggs ; but at other times they are vivipatous The chief figure in drawing 112 
is a magniSed view of a full grown eel of the fitst kind liie position of the 
mouth ia denoted by the letter a, and so perfectly distinct is this organ, that 
under the microscope it can be seen in motion as the animal feeds npon the paste ; 
c,c, and c, are light biown particles of matter, which are found in the interior of 
lie anima! ; d, d, d, &c., are young eels in the same situation. 

When a full grown eel is cut in two, the young eels and the brown particles 
are at once expelled. The result of such a dissection is shown in the group 
, around the central eel, where the individuals are magnified to the same extent as 
the parent animak The smaller eels, found on the surface of the paste, and 
which have not arrived at maturity, exhibit the same appearance as the speci- 
mens composing this group, and display no internal organization, which only 
becomes apparent as they advance in size. So prolific ia this animal tliat it often 
contains, when mature, a hundred living eels at one time. 

The second species, which is oviparous, is delineated in figure 113, and is both 
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differeat in form and araaller than the first. Tlie third ^i rt i^ a 
p.„ jij and in exhibited in figure 114. In figuie 

*I5 three extremely small eels are "shown, 
vhich are specimens of the fourth Ha^^ 

The manner in whicli these ammila 
iriginste bus given nse to much discus 
ion, inasmuch as they are not only toimJ ' 
to be viviparous ; but are also said to he prodaced when the pastp 
covered. An opinion hasthereforebeen entertained tliat their onoi 
ia spontaneous ; a circumstance which would be at variance with all 
our experience. Dr. Ehrenberg, in i-espect to Infusoria, has exper 
many years with pure spring water, distilled water, and ram water , with and 
without vegetables, boiled and unboiled, and always with the following results ; 
that when qpe» vessels were exposed to the air animalcules were dtscovet ed after a 
longer or shorter lime, according to the temperature, and other attendant cir- 
cumstances ; but if the vessels were closed, infusorial life teas rarely detecUd. 
In view of these facts it may be inferred, that when eels are said to have been 
found in paste that was covei'ed, that sufficient precautions had not been adopted 
to exclude it entirely from all access of the atmosphere, and that invisible eggs or 
germs, like those of Infusoria, were either contained in the air that floated at 
first above the p^te in the jar, or were borne upon slight currents into the vessel, 
through minute apertures that escaped observation 

The fact that the eels of paste are viviparous cannot la ly be u Red as an 
argument agdnst their generation from a known ca se as cl is the same 
individual is both oviparous and viviparous ; s s young eels and t ty-two 
eggs having been found In a single speumen at one t e In the odes of 
increase they therefore resemble numerous spec es of In o a wl cl are not 
confined to one method of production, but multiplj n va o s ways 

The Vinegar Eel, — If a small quantity of good e„ar s newed n a wine- 
glass, by the naked eye, undei a stiong light, the flu 1 w 11 gene ai!y be seen 
filled with slender threadlike bodies m npid mot o These are he eels of 
vinegar, which, when studied under the microscope are fou d to be 1 ger than 
the Paste eel but not so thick , the tail is also s nailer mo e tape ng and 
moves with greater rapidity. Like the Paste eel they nc ease by eags and also 
bring forth their young alive. The eels of vinegar are finely d splayed vhen a 
little reservoir is made between two narrow slips ot glass and the c v ty filled 
with a few drops of vinegar. If the fluid Is then ma^n fie 1 by the sola micro- 
scope, and its image received upon a large screen 1 undred ol eels app rently 
more than a foot in length, will be seen upon the screen n the h ghest tate of 
activity, crossing and recrossing its surface, and la t ng i d tw st ng every 
direction. Sometimes if a small piece of motl er floats a the v ne i several 
eels will become entangled in it at the same time, and their lapid evolutions as they 
struggle to escape from this impediment affords an interesting spectacle. Their 
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motions are evidently quicltened by tlie glare of the sunlight, that fails upon 
them from the lenses, and wliioh they endeavor to sliuu. 
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CHAi'TEK iV. 



I read Hb awM niune emblaKoned high 
Wilh golden letters on the illumined ^y ; 
ITor leBU the mjetic characters I aee 
Wrought in eadi flower, inscribed on every tree. 

ive discoverecl by the aid of the microscope that all ; lants 
consist of two Ifinds of organic matter, essentially distinct, the woody portion 
and the_pi(Ay portion; and that the several parts of a plant, however differing from 
each other in form, texture, and appearance, are still composed of the same two 
aubstaneeHjhat varying in the propoi'tion and arrangement. The woody portion has 
also received the name of the vascular system, while to the other division has been 
assigned the appellation of the cellular tissue ; and these will now be described, 
so far as ia necessary for the purpose of this work, without any design of enter- 
ing fully into the subject of vegetable anatomy. 

WooDT Portion, — The woody part of a plant, whether herb or tree, is not 
solid, but is composed of a vast mimber of small tubes, extending from the 
roots, and ramilying through the stem and branches to every part of the plant; 
even the oldest and most compact species of wood ia nothing else than a collec- 
tion of vessels and cells, the sides of which consist of extremely thin and delicate 
membranes. 

In the more highly organized animals, the vital fluid ia distributed through 
appropriate channels by the action of the heart, throughout every part of the 
body. Near the heart these conduits are large, and few in number, but decrease 
in size and become less numerous as they are more remotely situated. In plants 
no such central fountain exists, but the fluids necessary for their life and devel- 
opment, entering from the soil through countless mouths at the roots, flow 
upward along the minute tubes of the plants, and are disseminated to every 
part where their presence is needed. The form of these tubes is generally 
OTlindiical, and much difference exists in respect to their size. On account of 
the great minuteness of these pores it is extremely difficult to estimate their 
number correctly. An approximation to the truth may, however, lie attained by 
first driving off the fluid that fills the pores, without desti'oying their figure, a* 
is done in the preparation of charcoal, and then examining a cross section 
with a microscope. This method was pursued by Ilooke, who numbered in a 
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line, the eighteeuth of an inch iii length, mo less ihau one hundred and fifty 
tubes. In an inch long there would consequently be (18X150) twenty-seven 
hundred tubes, and in a square inch (2100 X 2700) seiien milliom two hun- 
dred and ninety tkousmtd tubes. The examinations of decayed wood, where 
the tubes were empty, led to the same result ; jind tiirther corroboration was 
obtiuned by Dr. Hooke from the inspection of petrilied wood, where the 
situation of the pores was very conspicuous. In woods that are remai'ka- 
blefor their compactness and density, the vessels or tubes are still smaller and 
more numerous within a given space. The largest tube observed by Hedwig, 
in the stem of the gourd, possessed an apparent size of one-twelfth of an inch, 
vhen seen through a microscope that magnified two hundred and ninety times. 
Its real diameter was therefore one-twelfth of an inch, diminished two hundred 
and ninety times : or the three thousand four hundred and eightieth part of an 
inch. If, therefore, within the extent of a square inch a collection of tubes lihe 
these occupied but one half of the apace, no less a number than six milliom 
fiftyfive thousand two hundred would be comprised within this small compass. 

Arbakobmbnt. — These tubes are not arranged singly throughout the trunks 
and branches, but are collected into small bundles ; in the stems of herbs and 
of roots, each small bundle is composed of from thirty to one hundred tubes, and 
sometimes of many hundreds. In lierhs the bundles are often placed at conside- 
rable distances from each other without any symmetrical arrangement, while in 
irees they are regularly disposed in concentric circles ; and, when cross sections 
of wood are viewed through a microscope, we seen distinctly arranged in a great 
variety of the most beautiful and elegant figures. It was supposed by the 
earlier writers on vegetable anatomy, that the tubes which have just been de- 
scribed were of two kinds ; the office of the first class being to convey sap, and 
that of the second to carry air to the different pai'ts of the plant. The tubes 
were thence denominated sap-vessels and air-vessels ; the latter class also receiv- 
ed the name of spiral vessels, from the peculiar manner in which tlie tube is 
formed. It is now however believed by distinguished naturalists, that there are 
no vessels exclusively employed for the conveyance of air, but that all the tubes 
found in the woody parts of plants are sap-vessels of owe kiwi only, and that in 
different plants, and in different circumstances and conditions of vegetation, 
these vessels or tubes are capable of assuming various forms, sizes, and character- 
istics ; a eircurastanee which has led many observers to the belief, that they con- 
stituted sevei'al distinct species, which subserved different purposes conducive to 
the life and growth of the plant. 

In figures 117, 118, 119, 120, 121, and 132, is delineated the sap-tube, under 
the several forms which at times it assumes. In figure 117, it appears to be. 
covered with rows of small projecting knots. Stripes cross it in figure 118 ; 
while in figures 113 and 120, the spiral structure is distinctly seen, the tube being 
formed in the same way as a paper-lighter is made, by rolling a long and nar- 
row surface spirally upon itself. In figure 121, the vessel appeal's to consist of a 
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Fig, 119. Fig. ISO, Tie- 121. 

series of cups or beads strung together, tlie siirfece of the several p 
stodded with minute projections. The spiral structure ia again 
%ure, and the chaiwiteriatica ' " "" 



3 of figl 



Cblldlab Tissue. — The tubes just described are bound together by a tissue 
filled with minute cells, which has thence been denominated the cellular tissv.e. 
It is a constituent part of every organ of the more perfect planfe, and in many 
herbs forms the prindpai portion of their substance ; while the lower order of 
vegetables, as mosses, mushrooms, &c., are smd to consist of it entirely. 

The appearance which this lissue presents is extremely diversified. At one 
time it is seen to be of a loose, porous texture, every part of which is transparent 
and succulent. Under other circumstances, it meels the eye in the condition 
of a solid body, the cells being so closely pressed together that the peculiarity 
of its structure is almost lost. In a third case the cells likewise vanish from an- 
other cause, for the tissue then spreads out into a membrane so extremely deli- 
cate and thin that all traces of their existence disappear. The cells or cavities 
of the cellular tissue are generally arranged in a direction opposite to that of the 
tubes of the vascular system, and are therefore displayed in the lonffttudinal 
and not in the cross section of a plant. 

Tlie forma of the cells are exceedingly various. In some plants they aie of a 
globular shape, in others angular, but differing as to the number of sides , seve- 
ral kinds being triangular, others square, but the greater proportion exhibit hex- 
agonal 01 ^ix-sided figures. 
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)F THE STBDCTCKB OF WOOD ASD HBKBS. 

In fii'ure 123,13 shown, drawn from nature, a tr. 

voi-ae slice of the cellular tissue of a sugar-cane, so thin a 

display only one layer of cells, but a thicker slice of the a 

plant exhibits a fleoond set of aella behind the first. 

These cells rary greaUy in respeot t- m«o„,i,,de. 

one naturalist 
posafssmg twentr diSeretii 
sizes, ranainc 'ri^rr 'hosr^ as 
lai'ge as a pea to others v ' 
are so minute aa to require tte 
croscopes to perceive tnem dia- 



a magnitude, and ai 



Hooke examined a thin section of cork, and found 
that no less than sixty cells were placed endwise 
in a line the eighteenth part of an inch in length; 
more than a million would therefore be comprised 
within the suifaee of a square inch. 

In most plants the pores of the cellular tissue 
are readily discerned, hut in cork thej require to 
be highly magnified in 
A thin slice of cork thus 
figure 124. The substance 
formed of extremely thin 




to be clearly seen, 
" is delineated in 
to consist of an assemblage of minute cells 
ibrana. The average size of the cell is about the 



t hundred and ikirtietk part of an inch in diameter. 

Pith.— "When a ctoss section of a tree or plant is viewed by the naked eye, 
it is seen to consist of three parts, the pith, the vmody texture, and the bark. 
The size of the pith varies in different trees, in some being from two to three 
inches in diameter, and in others from five to six; and of all plants, herbs and 
shrubs have the greatest quantity of pith in proportion to tJie other parts. The 
pith is found to consist entirely of cellular tissue, and the cells are of various 
sizes. Those of the tbistle appear under the microscope as lai'ge as the cells of 
a honey-comb; those of plum, wormwood, and sumach, are smaller, and the 
cells in the pith of the apple and pear are still less ; while those of the oak are so 
minute that one hundred only equalin size a single cell of the pith of the thistle; 
The size of the cells is not proportioned to that of the pith, for in the plum, the 
pith of which is less than tliat of the pear, the cells are from four to five times as 
large ; and the ceils of the pith of the hazel, which is three times smaller than 
that of the hollj , are ten times greater than those in the holly. 

Wood abb Woody Texture — The second portion of the plant is the wood 
or woody textuie , it eni-nclcs the pith, and consists, as already stated, of two 
parts; bundles of tubes bound together by cellular tissue. In most trees the 
vessels are numerous, and when beheld ui a cross section are seen to be disposed 
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around the pith in concentric layers, and ra3's of cellular tissue tij run from the 
pith to tlie b»i'k, diverging like the npokes of a wheel fjom the axle, 'i'hie arrange- 
ment is seen in drawing 134, winch represents a cross section of part of an 
ash branch three years old. The numerous vessels of the wood, which are de- 
noted by small circles, are here seen occupying the space D C I K ; froui the 
pith I K L to the bark A B C D ; and the insBrtions of the cellular tissue are indi- 
cated by the hnes that run from the pith outward like the sticks of a fan. These 
insertions of tissue pass through the substance of the wood, and are much diver- 
sified in size in different woods. In pine they are of a medium size, and in pear 
and holly extremely small, but no uniformity in this respect is observed in the 
same wood, for in holly, hazel, pear, plum, and oak, they 
e very unequal ; some in the holly being four or five 
5 times thicker than the rest; while in the plum many are 
or seven times gi'eater than others, and in the oak ten 
times at the least. In trees like the palm, the vessels of the 
vascular system are by no means so numerous aa in other 
woods, and being necessarily placed at a greater distance 
from each other, do not present that symmetrical radi- 
ated appearance which sections of common trees exhibit; 
but the bundles of tubes are promiscuously scattered amid 
the cellular tissue. This is evident from a glance at figure 
123, which represents a cross section of the palm, the dark 
spots indicating the position of the vessels, and the lighter 
the cellular tissue. In the case of herbs, to a gi'eat extent, 
the cellular tissue forms the chief portion of the plant, and 
the vessels of the vascular system are but few in number. 
When a cross section is viewed they are seen in bundles dis- 
persed through the cellular tissue, at considerable distances 
" from each other; they are, however, symmetrically ar 

ranged, and in the same species of plant nlways maintain 
the same position ; the vessels being situated at the same relative distance from 
each other and from the centre of the pith. 

Bark. — This envelope, which encircles the wood, is composed of two parts, the 
true bark and the outer skin which covers it; both of which are made up of v^ 
sels and cellular tissue like the wood. The tubes or vessels belonging to the 
bark are denominated proper vessels, and are filled with 'the fluids peculiar to this 
portion of the plant. In some herbs these vessels often cluster together in separate 
columns, and are arranged in a circular form ; in others they present a radiated 
appearance. In trees, the tubes are more distinct, and assume a greater regu- 
larity in their disposition. 

They are usually found near the inner margin of the bark, next to the wood, 
and when viewed in the direction of their length, present an appearance like net- 
work. In the bark the vessels are found to possess different sizes as well as iu 
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the wooJ In the pine lor nstance thp till bs containing tlje turpf ntine exceed 
the <wii mun ftHji- essels in magnitude bv thue o foiif hundred times, and are 
BuiTorndfl by i i ng of 8 nailer tubes In draw nj; 148, the proper vessels of the 
bark containing tlie milky juice of the sumdoh aie arranged in arched clusters, 
each cluster consisting of several !iu Ired distinct tubes and so small are these 
tubes that a single turpentine vessel of the piiie sometimes \ibs in magnitude 
with an entire arched cluster of the sumach 

In figure 126 the vessels of a eel tain species of pine aie 
displayed, where the large turpi-ntine tubes of the birk are 
seen eniarcled by a ring of smaller tubes the wo dy pai t of 
the tree having been cut away, so th it the longitudinal as 
well as the transverse structure c^n be tlearly seen Dr 
Hill discovered by dose investigatioi that each ot these 
large tubes was nothing more than an opening in a bun 
die of small tubi^a, and he rematka th tt if we conceiie 
any snanU bundle of tubes to be opened in its centre and 
the vessels driven every way outnarU until they are stop 

Kd by the, substance of the bark we shall hive an idea of the structure of this 
ger vessel; which is nothing nioie than a ^rcat cjhnlnal tube pjssin^ 
through the centre of a bundle of smaller ones * Ihis itiuctuie is piiunly [lei 
ceived in the figure. 

The vessels containing the fluids peculiar m the bai k are often found dispersed 
through the wood from bark to the pith Thut m the £i and juine the turpeu 




tine and gum- tubes 

m nearly the same wa; 

turalists as having one 

natural growth of the 

encased annually 

and farther from the exter 



n the wood arringed n a circle around the centre 
These vessels are regarded b^ na 
'1 to the baik which, changing into wood by the 
tlie manner soon U> be explained and becoming 
J layers ot wood was gradually removed tarthei 
suitace ot the t ee The skin or nnd of the bark 
when taken from young shoots, appears in most cases to consist of a single layer, 
but in manv kinds of wood it is found to be complex ; as in the case of the white 
birch, in which it consists of distinct layew that are readily sepai'ated from each 
other, amounting not unfrequently to sixteen or eighteen in number. 

In some trees the layers are still more numerous, lor UUoa speaks of a tree 
in Peru, from the rind of which he peeled off no less than one hundred and 
fift'y envelopes ; when, tired of his task, he refrained from counting the remain- 
der, as the layers he had detached did not constitute more thaa half the thick- 
ness of the rind. 

The Mods of Gkowih in the Trunk and Branches dfTsees. — Commencing 
on the outside of the tree, the exterior covering is the skin or rind, consisting, as 
haaalready beenstated,of several distinct layers Beneath this is the bark, compo- 
sed of cellular tissue and bundles of tubes or vessels running longitudinally; and at 
first parallel to each other. When a cross sectun is niadeol i shoot of a year old, 
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only » siiiglt! ling of vessels, or cluster of vessels arranged in » circle, ia found 
Burrouudiiiy; the wood, aitd tiiis, with the tissue in wbich they ai'e enveloped, con- 
Btitiitts the i'ai'k of the plant. During the second year, a new layer of Uark with 
its vessels and tissue grows within the foj'iner, and next to the wood ; and every 
successive year a new layer of bark is thus added : the entire thickness of this 
envelope being constituted of a series of layeis, increasing in nmab^ fiomwithitt. 



Next ta the bark, the wood is found consisting likewise, aa we have seen, of 
vessels and cellular tissue, and the cross section of a plant or shoot of one 
yeai''B growth, exhibits the wood arranged around the pith, and composed 
of a ring of vessels banded together by cellular tissue. The growth of the suc- 
ceeding year gives rise to a new ring of vessels outside of the tiist ring, and be- 
yond tiiis second ring, a tliird circle of vessels appears during the third year. The 
wood of the tree thei'etbre increases from within outwards, in a direction contrary 
to the growth of the bfu'k ; and consists of a series of rings, equal in number to the 
years indicating the age of the tree. The outer ring is whiter and more full of 
sap than the rest, and has received ftora this circumstance the name of sap-wood. 
In the last annual layer of wood and bark, by which the trunk is increased in 
size, the sap-wood and new bark are in contact ; but the layei' of the next year 
pushes up between, and separates them by its entire thickness. Every year a 
new layer is thus interposed in tlje midst of the others, the last formed layers of 
wood and bark touching each other, while the oldest ai'e the most widely sepa- 
rated ; tlie first ring of wood diiectly enclosing the pith and the first envelope 
of bark constitutiij": the outer surface. 



The layers of wood annually foimed aio not simple in their structure, but are 
each composed of a great number of othei layeis. Th(«e dehcate lueinbraiiea 
can be distinctly perceived in the oak bj the aid of a common magnifying glass, 
when the branch or shoot is cut obliquely By macerating the rings of wood iu 
water, Du liamol was etiabled to sepai ate aw annual layer into a vast number of 
primary layers, which were thinner than the finest paper ; and he afterwards 
discovered by experiment that these pimiaiy layers, constituting any annmil ring, 
were formed in SiMWSntow, duL'ing tue peuod ot growtii and vegetation in the 
year to which the ring belonged. So that however cuiious it may seem, it is still 
true, that not only does the relative thickness of each annual ring indicate the 
comparative truitfulness of BV^ry year of the existence of the tree, but each of 
the primary layers composing the several rings tells, by its thickness, of the com- 
parative vegetative ener^ of each week and day of the jjarticular season to 
which it belongs; and thus every tree becomes a record of the fertility of that 

period of time during which it lived and flourished. The branch ] " 

exactly the same structure as the trunk. 
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SECTIONS OP WOOD. 

Pear Tkbe. — In drawing 128 is presented one-eightli part of a section of a branch 
of a Pear tree, both magnified and of iLs natural size. It exhibits, of course, the 
same general features as the section of the Holly, but varies in some particulars. 
The rows of vessels stretching out from the pith to the bark are less broken than in 
the Holly, and the rays of the cellular tissue are more regularly arranged; branching 
out at equal distaneea from each other, and preseuting, with tlie numerous vessels 
dispersed throughout tlie wood, a remarkably elegant flgure. The three rings of 
the true wood B F M N, M N K L, and K L D 0, denoting the age of the branch, 
are dist-nctly marked ; and beyond them the sap-wood occupies tlie space D H I. 
The bark is comprised within the space H I A B, and is formed of the minute cells 
of the cellular tissue, interspersed with numerous figures of aa oval shape. These 
last are clusters of proper vessels of the bark, and are rounder in form, and more 
numerous, the nearer they approach the wood, 

Thb Hazel. — A section of a Hazel branch, when magnified, exhibits a figure of 
exquisite beauty and symmetry. In drawing 129, an eighth part of an entire cross 
section of a bough three years old is faithfully delineated. The bark, which is 
included within the giace A B D, is enriched with clusters of vessels of vaiious 
sliapes and figures. The skin of the bark is represented by the ring A B, to which 
succeeds a broad band Q Q, consisting of the cells of the cellular tissue -within this 
band is another ring H I, composed of sap-vessels. The space H I D is filled 
pM'tly with cellular tissue and partly with sap-vessels, in pear-shaped and semi-oval 
cliistei-s, alternating with each other at equal intervals. The wood extends through- 
out tlie space D E P, and is divided into regular and equal compartments by 
great radial insertions of cellular tissue; and these compartments are still further 
subdivided bymore delical« and minute rays of tissue running from the pith to the 
bark. Throughout the wood spiral vessels are profusely scattered, and are found 
to be most numerous near the bark,' or in the growth of the last year, D K L. 
The growth of the second year is comprised.wifliiu the space K L M S" ; while that 
of the third year is represented by tlie space M N B F. The size of the pith, E F 
G-, is small compared with that of the wood; but its cells are much larger than 
Uiose belonging to the pith of the Holly, The small figure at the bottom of the 
plate repiesents the large section of its natural size. 

English Oas. — A section of Oak varies in some respects from the several kinds 
of woods which hav.e already been described. The vessels of the bark are arranged 
in different ways. Through the middle of the bark extends an unbroken arched 
band of vessels, while a row of large oval clusters, standing at equal distances from 
each other, intervene between it and the wood. The vessels of this inner row are 
of a peculiar nature, and are termed by Grew resini/erous vessels, since tliey contain 
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a thick juice of the Oak which is not sap, but bears the same relation to it in tlio 
Oak as the turpentine of tlie Pine to the sap of that tree. The rajs of eellulai' 
tissue, diverging from the centre to the bark, are in tliis tree ditided into two kiinh 
as regards size. The first are broad insertions; which, for the most part, are of the 
same size, and are disposed around tbe centre at regular intfirvais; the second are 
the 6ner radial divisions, which in hke manner are uniformly arranged and occupy 
the spaces between those of the flrst class. 

In the section of the Pear, ail the dividing lines are seen proceeding from the 
centre, but in the Oak and some other trees numerous white waving lines run 
across the radial divisions. These undulating rings constitute, in a great measure, 
the beauty of the Oak, and are considered by Grew as sap-vesaels, which once 
existed in the bark, but in process of time became condensed and hardened into 



Whitb Oak. — A section of the common White Oak, magnified one hundred and 
thirty-seven times, is delineated in figure 131. The broad band a a is one of the 
insertions of cellular tissue radiating from the pith ; it is exceedingly compact, for 
no pores can be detected within it wheu subjected to this high magnifying power. 
Narrower insertions of cellular tissue b i, &c., traverse the wood in the same direc- 
tion in irregular waving lines. The spiral vessels d c, &c., are scattered in consider- 
able numbers throughout the wood, occupying a large proportion of its space. 
They vary much in size, the smallest, aa d for instance, not being- more than one 
^ur-himdr«dth of an inch in diameter; while one of the largesi, as c, measures not 
less than the eighteenth part of an inch across it. 

Two seta of these large spiral vessels ate seea in the figure, which, like tliose he- 
held in the section of the Bughsh Oak, are arranged along the inner margin of each 
annual ring of wood ; the distance between the two clusters being the thickness of 
one year's growth of wood. The wood itself appears like lace-work, being filled 
with minute pores, varying in diameter from one twelve hundred aiti fiftittk part of 
an inch to one twmty-fiee himda-tdlh. 
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Elm. — A section of an Elm branch which appears, is an exceeding rich figure, 
and the several divisions are boldly defined. The skin of tha bark possesses consid- 
erable tliickness, and the pores of the cellular tissue belonging to tliis integument 
are exceedingly small. 

Throughout the bark, bundles of the proper vessels are seen profusely scattered 
In oval or e^-shaped clusters, and beyond it the sap-wood. In the true wood, the 
annual lings are very distinctly marked. The vessels dispersed through the wood 
differ very much in size ; the larger, disposed in circular bands, are arranged on the 
inner margin of every annual ring, while others are scattered promiscuoitsly through- 
out the wood, and are more numerous near the centre of the section than in the 
more recently formed wood towards the margin. The more minute vessels are seen 
gtretehing in delicate and broken chrins across the rays of cellular tissue, emanating 
from the centre ; the various positions of the rays being indicated by the white lines 
in the figure running from the pith and penetrating for some distance into the 
bark. The rays of cellular tissue possess great uniformity in tiieir respective thick- 
nesses, as well as in the intervals by which they are separated from one another. 
The rays are usually arranged at equal distances from each otlier. 

Ehglish Walnot. — In drawing 133 is displayed a magnified section of a branch 
of English Walnut, four years old, and which presents a most beautiful configura- 
tion, A B indicates the position of the skin of the bark, and the iatter envelope, 
with its cellular tissue, and proper vessels, is comprised within the space A B D. 
The proper vessels collected together in round clusters are distributed in two 
circular rows H I and E S, deeply situated within the bark. The wood is included 
iu the space D C E F. The first annual ring extending from B to 0, the second 
from to M, the third from M toK, and thelburth, including the ring of sap- wood, . 
P D, from K to D. The sap-vessels distributed through the wood are not numerous, 
but their size is comparatively great, and, as in the Elm, tbev are grouped more 
thickly together near the pith, the cells of which are quite large compared with 
tliose of the pith of the Elm, The pith itself is also much larger than in many other 
woods of the same age. The radial lines of cellular tissue in the Walnut observe 
no uniformity in respect tJD their relative thickness, as is the case of the Elm, 
neither are they arranged at equal distances from each other. 

But the most remarkable pec\iliariEy in the Walnut is the broad white arched 
i«nds running across the rays of cellular tissue, four of which are exhibited in the 
figure before us; in the Elm they are also seen disposed in a similar manner but 
much naiTower. Their existence is attributed to the same circumstances that 
cause a similar appearance in the Oak ; namely, tl»e greater compression of the cel- 
lular tissue where these bands occur than in other portions of the wood. 

Ash Braboh. — A cross section of part of an Ash is a handsome object when 
magnified to a considerable extent. The bark consists of an infinite number of 
cells formed by the cellular tissue. Within the bark, next to the skin and nearest 
to the wood, clusters of minute vessels extend in two circular rows from side to 
side. The arrangement of the radial-insertions of cellular tissue is very beautiful ; 
the rays diverging fi'om the pith to the bark at equal distances from each other, and 
maintaining, neai-ly always, the same size. The position of the large spiral vessels 
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in the wood is very distinctly marked, gathering in arched bands near two divisio. 
of tne annual growth. 



Maple. — A cross section of the firm wood of the Maple is presented in figure 
135, highly magnified. The strong dark lines are the rays of cellular tissue, ema- 




nating from the centre of the trunk of which this section represents a part. Tlie 
large oval openings are sections of the spiral vessels which run lengthwise through 
the trunk, and the rest of the figure shows the true wood filled with minute pores, 
■whose size does not exceed tlie actual measurement of one twehe-kundredth of i™ 
inch in diameter. 



DoawooD. — A magnified cross section of Dogwood is delineated in figure 136; 
This wood is very hard and firm in its testure, and the smaller pores are much 
more minute than those of the maple and other lighter woods. In the specimen 
exhibited, a multitude of fine oval pores are seen scattered throughout the wood, 
the largest of which does not exceed one two-fhousandih of an incf, 
Bad the smallest is not more than one tliree-thouaamUh (ffan inch. 
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White Pinb.^A trans\'erse section of White Pine, magnified four hundred 
times, is presented in figure 137. The cause of the lightness of the Pine is seen 




at a glance; Icr the wood is as full of openings is apiece of l^ce work, and con- 
sists of nothing but a web w yen of the fine hbres of the cellular baaue. Across 
tile figure at the points a a, bands of cellular tissue are beheld, stretching from 
aide to side, and the structure is. here more compact than in any other part ot 
the wood. These divisions are porliona of concentric annual layers formed by 
the compression of the cellular tissue. 
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A longitudinal section of the same tree is delineated in figure 138, as it ap- 
pears when magnified likewise four hundred times. The structure is exquisitely 
beautiful : the straight lines aa, b b,cc, d d, Ac, are sections ■ of the sides of 
the vessels or tubes which run lengthwise of the trunlt, the ends of which are 
disclosed in the woven lines of the last figure. The sides of tlie vessels are seen 
studded with rows of small circular disks wbich have received the name of 
glands; each disk having a small circular ring around its central point. The form 
of the disk is not always the same ; it is generally cii'cular but frequently oval ; 
and when closely arranged together they assume an angular shape. In some 
species of Knes the disks run through the vessels in single rows ; but in others, 
as in the case of the White Pine, they occur, as is obvious, both in single and 
double rows. It is a remarkable fact, that throughout the entire genus of the 
living true Pines no more thai " '" ' - . ■ .. i .. ...... 



1 



f 
1 k f 



f u d wth td k 



s of disks are ever found in the longitu- 

1 I d t! t when a double row occurs, the correa- 

plac d d by side. The vessels are sometimes 

of 



In figur 



II d to the Pines, is known by the nan 
A It 1 1 ~ f th I ft t living trees, and the well-known 

p titg Nt lit lid Nw South Wales; and which hears 

the name of the Norfolk Island Pme. This class possesses certain peculiarities 
of structure which are at once detected by the microscope, and distinguish it 
from the true Pines. 

a longitudinal section of the Norfolk Island Pine is displayed, 

9 mignified to the same extent as the two preced- 

IjB ing figures. The disks that cover the sides of the 

'jf vessels are here arranged iu double and triple 

rows ; and in the Araucarias the rows belonging 

to the section of a single vessel vary in number 

fiom one to four. 

Another peculiarity is also perceived in the 
lihape of the disks, which, instead of being gen- 
nlly circular like those of the ptiie, are for the 
moot part bounded by straight lines. The disks 
al-o of both the rows in a double row, are not 




dbyGOOgIC 



placed side by side, but always alterDate with each other. The first disk of on? row 
for example, being placed opposite the vacant space separating the first dnd eco d 
disks of the adjoining I'ow. The disks of the Araucarias are not mora than o a 
half the eixe of those belonging to the real pines, and are so nuniero a that Mr 
Nieol counted as many aa fifty in a row, one-twentjeth of an inch n length 
The diameter of a disk, allowing that they touched each other, could therefore 
not exceed the thousandth part of an inch ; a magnitude of vast extent com 
pared with the thickness of those infinitely slender fibres, which, woven together 
into an exquisitely delicate tissue, form the partitions of the numerous cells of the 
ti'unk. 
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icies of Bamboo, found in the 
jxhibited in figure 140, mag- 



Mallaca. — A portion of a cross section of a s] 
Mallaua isles, from wlience its name is derived, is 

nified one hundred and fifty times. The five large rings are bundles of vessels 
running lengthwise through the trunk, the vessels of each forming by their 
mutual arrangement five tubes (o a a a a) of considerable size, which traverse 
the bundles through the centre from end to end. 8o porous is the stalk of the 
Mallaca, that by applying the mouth to one end of a stem several feet in length, 
a lighted lamp placed at tlie other extremity can almost be extinguished by the 
impulse of the breath, blown through the stalk ; nor is this surprising, for the 
large vessels {a a a a a) are one-seventieth part of an inch in, diameter. The 
vessels composing the rings are evidently far inferior in siiie to the tubes ; and 
upon, actual measurement the greatest are found not to exceed one-five-hun- 
dredth of an inch in diameter. An elaborate net-work of cellular tissue (5 6) 
twines around and among' the cylindrical clusters of vessels, and binds them 
firmly together with its delicate but strong cordage. 



In figure 141 is exhibited a drawing of 



section ofthect 




a Larch, 
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greatly magnified. The strong lines a a a aa a a, Kre the raja of celUilur tissue 
which proceed from the centre to the barii, but on account of tlie smailuess 
of the sections magnified, their divergence from each other is too small to be 
detected. The remaining portions of the wood consist of a perfect chainwork 
of cells, formud of the cellular tissue. These cells are compressed, like those of 
the Oak, nt regular intervals, as shown aAbbbbbb/m directions apparently at 
right angles to the radial insertions. The width of the cells, where they are 
not compressed, is about the twelve hundred and fiftieth part of an ineh, and 
the thickness of one of the radial insertions, aa ah & d, is a little less than the 
nmeteen-hundredih part of an inch. 

Wnri-BwooD. — The elegant structure of a transverse section of Whitewood, as 
reveak'd by the microscope, is displayed in figure 142. The four heavy lines, 




running in a parallel direction with eith othei, aio ''i 
sertions of cellular tissue, and in thickupss do not e\c 
dredth part of an inch. 

The large openings scattered throughout the wood are sections ot the spiral 
vessels, the diameters of which, when largest measure onlv the three hundredth 
part of a« ineh. The rest of the space is tilled with a most exquisite network 
of fibres, the meshes of which ai'e anguhr in toim the whole surpassing m 
the delicacy of its texture, the fabric of the finest laces 

Sumach. — A singular figure is exhibited in drawing 143, which represents one 
eighth part of a cross section of the common Sumach of one year's growth. 
The bark occupies the space A B K L, the pith that of E F G, while the 
wood, including the sap-wood K L C D, is comprised within the limits K L B F, 
The bark is covered with a down of fine liairs, which when magnified, fringe the 
section with the thorn-like figures a a, as shown in the drawing. Most of 
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them Ujier to a point, but some of them, m is seen, are roiindeif and 
tnobbed at the end. The narrow bouiidiiry extending I'lom A to B, bdicatea 
the position of tht skin of the bark, and within the bafk itself the ressels are va- 
riously arranged. In the band just below A B they are small, lonoh cj'owded to- 
gether, !tnd very compact ; while those next in order towards the centre ara 
larger. Next succeeds a row of vessels in arched clusters, extending from H to 1, 
the cells being exceedingly small and crowded together by hundreds in one arch. 
Below these a ring of lai'ge tubes are seen stretching ovlt from K to L. This 
latter class are termed milk-veaseh, on account of their containing a milky liquid 
peculiar to the Sumach. The wood below D C is filled with pores, which seem 
to be disposed without regard to any paiticular order ; but the radial divisions 
of cellular tissue evidently tend towards a regular arrangement. A waving 
band of sap-vessels extends from E to F, bordering the edge of the wood where 
the pith commences, 



Wormwood. — A transverse section of a stalk of Wormwood esbibita a structure 
of extreme regidaritj, the great size of the pith, compared with that of the wood, 
showing at once its lieibaceous character. The bark includes nearly a third of the 
surface, the wood occupying a smaller space, while the pith comprises at! the rest 
of the sui'face. The spherical cavities of the cellular tissue form a broiil ring, and 
within this space a number of large vessels, are situated; arranged in a circular 
row along the inner marf^ia of the ring of cellular tissue. These are termed the 
resiniferous or gum- vessels, which secrete the aromatic fluid peculiar ta the plant. 

Some vessels of this kind are also found within the pith. The semi-oiroular ligures, 
clusters of sap-vessels, span the sections in a row. Within the woody part the 
spiral vessels are seen, but quite thinly and irregularly scattered. The broad inser- 
tions'in the woody part, and which diverge from each otlier as if proceeding from 
the centre, are the rays of cellular tissue, which in this plant aie seen to be of com- 
paratively great thickness, and coraraenoe and terminate in a different manner 
from the same rays in wood. For here, instead of being distinct lines, they are 
beheld arched at both extremities and united with each other. Moreover t.liey do 
not terminate where the wood ends, but estend nearly half their lengtli into the 
bark, enclosing the semi -circular clusters of sap-vessels. The pith, as is evident, 
is very J>orous, consisting of a vast number of large cells. 



Root of Wormwood. — The structure of the n 
the trunk, being formed of the same textures disposed ii 

Sections of roots display a .symmetry and elegance of arrangement by no means 
inferior to tlial revealed in transverse slices of wood. In drawing 145 is delineated 
ft cross sectiou of the root of Wormwood of its natural size. When magnified, 
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large circular f.pots are seen inleJfpersed tbrtiugh tlie bark, whieli are the 
gum vessels of the Wormwood, which are likewise found in the bark of 
the stalk. Eadiating from, the centre of the section, and dividing it into sym- 
metricftl portions, three complete fifpires are seen, shaped lilie the sticks of an 
ivory fan, traveieing the wood and extending into the bark. These figures 
terminate in the bark in clusters of vessels, through which flows a limpid fluid or 
sop; and within these clusters one or more gum- vessels exist. The rest of the 
majcnified iraa^e consists of the woody portion of tie root, which consists of two 
parte; namely, the true wood forming the lower part of the radial figure just 
de^ribed ; and the oeUular tissue, interposed between tbem, and running from 
the bark to the very centre of the root. Throughout the true wood, spiral ves- 
sels are scattered which increase in size from tlie centre outward. A section 
of the common thistle displays great beauty in the formation of the cavities 
of the cellular tissue. The pith consists of cells of different sizes, those of 
the largest kind being one hundred times greater than those in the Oak, 
Ihese cells are not spheriral, but are angular cavities of a regular shape, the 
sides of which are formed of fibres running, in most cases, homontaliy and 
winding in a circulai' manner out of one cell into another ; a single ring of fibre 
posing into no less than six cells, and constituting a side in each. Large spiral 
vessels are distributed throughout the woody part, which is separated into regu- 
lar oval-shaped compartments by thick divisions of cellular tissue, that peneti'ate 
far into the baii ; while two sets of vessels, the one filled with a milky and the 
other with a limpid fluid, are arranged on the outer verge of the pith in a double 
row of crescent-shaped clusters. 

, In view of the facts just adduced, we see at once the high utility of the microB- 
cope in revealing to us the true nature of the struotui'e of bodies. Pores or 
vacant spaces are found diffused through the mass of bodies to such an extent, 
that^wfoniy is one of the leading mechanical properties of matter ; but in the 
denser bodies the pores cannot be distinguished by the naked- eye. And the 
microscope is needed to render them clearly visible. Beneath its revealing 
glasses, substances which before appeared solid, are now seeu, pei'forated with, 
innumerable cells, which in the ease of woods, occupy, for the most part, more 
space than their intersecting sides ; and even the apparently solid sides of the 
larger eells yield to the higher magnifying powers, and display a porous struc- 
ture. 



FOSSIL WOODS AND PLANTS. 

Not only is the microscope eminently serviceable to the botanist, in revealing 
the curious structures of living plants and their interior organization, but it is 
highly useful to the geologist, who is enabled by its aid to read with the utmost 
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precision many portions of the ancient vegetable history of our globe, legibly 
imprinted in its fossil woods and plants. So perfectly has their structure been 
preserved for ages, that the skilful observer easily detects the various species, 
and assigns them their appropriate place in the vegetable kingdom. The sub- 
stance of these woods, as Mantell remarks, is completely permeated by mineral 
matter. It may be lime, flint, iron, or iron united with sulphur; and yet both 
the externa] character and internal structure be preserved. Such ai'e the fossil 
trees of the Isle of Portland, where a whole forest of Pines seems Ui have been 
transformed into stone, on the very spot where they grew and fiourislied : the 
roots of the trunks changed into flint, piercing deep into the soil whence they 
sprung. Fragments of these trees so closely resemble decayed wood, that a 
person who bestows upon them only a casual glance is completely deceived ; 
but, by close examination of their testure and substance, he finds that they pos- 
sess tile weight and hardness of stone. In wood petrified by fliut the most 
delicate tissues of the original remain uninjured, and are displayed under the mi- 
croscope in the most beautiful and distinct manner. Wood petrified by lime 
also retains its structure, and in many limestones leaves and seed-vessels are 
faithfully preserved. 

In the Egyptian and Lybian deserts, a numerous assemblage of ti'ees has been 
discovered, petrified by flint. Fragments are found everywhere scattered over 
this arid region, but the most interesting locality is a table-land, about seven 
miles south-east of Cairo, where the trees are found in such numbers that it is 
termed the Petrified Formt. Hei'e liuge trunks of flint are seen crossing each 
other in every direction, as if swept down by tlie irresistible foi'ce of a hurri- 

Two of the largest, the dimensions of which were taken by Col. Head, who 
visited this spot, measured respectively /iM-iy-ei^Ji and sixty feet in length, and 
two and a half and three feet in diameter at tie base. In the rich specimens 
collected by him from this locality, the most delicate cells and veins of the 
interior structure of the wood are fitted with chalcedony and jasper, and some 
of the vessels, injected with flint of a bright vermilion and blue color, ti'averse 
the cellular tissue, which gleams with a golden hue. 

Not only on the surface of the ground are petrified trees discovered, but they 
have been brought to the light from a depth of more than one hiindi'ed feet ; 
where, notwithstanding they had been buried for ages, their structure was so 
perfect, that the species to which they belonged was at once identified. To 
efiect this result a transverse or longitudinal sectjon of the fossil specimen to be 
examined is obtained, which, after being cemented to a slip of glass, with Cana- 
dian balsam, is ground down with emery, until it becomes sufficiently thin for 
its structure to be perceived under the microscope. When the section is thus 
properly prepared, and magnified from one to four hundred times, the pecu- 
liarities in the structure of Uie wood are revealed with great distinctness. 

Four specimens of fossil woods are delineated in figures 147, 148, 149, 
160; and by compaiing them with the figures 137, 188, and 139, 
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their identity with the coniterous noods m at once perc ived 1 1 f 147 v 
tian8\erBe section of a species of Pine petrified by flmt ,., , 

and taken from d quarry near Maidstone in Kent It * j,^ 

magnified m length one hind ed and twenty times and is jJ^K' 

exhibited as it a[.pear d when viewed by reflectfd Ii4(ht ^^^Si'g^iK''^^ 

Ihe lighter poitiois lepresenting the delicate web Df hbron l^^j''''^ffi^HM 

constituting the wood A longitudinal section of tne same SBaSlSWoSfcSffl! 
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1-unnuig in the direction of the tiiink and es h 1 k tl "\M i 
I Pine la studded along the sides with p j^^ 

» of disks or glands F 
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Chemnitz in Ssjtony, ferns p 
possessing a woody appearance 
ture is of a dull red, variegated 
chalcedony which occupies r 

plant. When slices of the os^ 
veals the peculiar structure o 
Binoe it was living, with as 
men which has just been ga 

Not only are the more solid i 
preserved for ages by petiifattioi 
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1, hut the pallet) of cone-bearing trees, like the 
tHne, has been found" in a fo«sil state In Egra, in Bohemia, a deposit has been 
discovered tieo miles long sxiA tieenty etqht feet thick, &aiir%\y com^ieA of fos- 
sil animalcules and pollen ; ihe first ttn feet being mart filled with Inftisoria. 
and the remaining eigliteen, po//e» mingled uith fussil animalcules. 

UoAL, — It has been proved beyond a doubt that the vast stores of coal, which 
have been provided for the use of man, aie of veg>-tab!e origin ; and the micro- 
Bcope has been of essential use in enabhng the investigator to detect the peculica 
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structuie of the plints that compose it. Mantell thus remarks : — " The 
shty coa) gMeialy preserves traces of the cellular tissue and spiral vessels; and 
doited oella mdicating the coniterous structure, may readily be detected, by the 
aii of the microscope in chips or slices prepared in a proper manner. In many 
examples the cells 'U'e filled with an amber-colored, resinous substance ; in others 
the orgimzation is so well preserved, that on the surface, exposed by cracking 
from heat, cellular tissue, spiral vessels, and cells studded with glands, may be 
letettaJ Even in the white ashes left, after the combustion of coal, traces of 
the spiral vessels are discernible, with a high magnifying power. Some beds of 
coal appear to be wholly composed of minute leaves ; for if a n^ss be recently 
extracted from the mine and split asunder, the exposed surfaces are found cov- 
ered with delicate pellicles of carbonized leaves and fibres matted together, and 
fla,ke after Hiihe may be peeled through a thickness of many inches, and the 
same structure be still apparent. Rarely are any large trunks and branches ob- 
servable in the coal, but tne appearance is that of an immense deposit of deli- 
cal* foliage." 
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CHAPTER V. 



" The erjfltfll drops 
Shoot mio pillars of pellucid lenglh, 
In forms so various, that no powers of art, 
The pencil or the pen, may &ace the scene. 
Here glittering turrets rise, upbesiring high 
Large growth of what maj seem the sparklui^ trees 
And shrubs of 6iiry-land. And fretted wild, 
The growing wonder tnkea a thouaand shapes 
Capridous." Cowpkb, 

One of the most beautiful discoveries of science is that which reveals the sin- 
gular fact, that when bodies pass from tie liquid to the solid state, with a 
propei' degree of slowness, they assume forms peculiar to themselves, which are 
often characterized by great elegance and beauty, These configurations are 
termed erystallizations, and each crystalline substance is regarded as having an 
original form, called the primitive erf/slal ; a number of which, combining in 
various ways, frequently give rise to a rich assemblage of the most exquisite 
and symmetrical figures. 

The greater part of the solid bodies that compose the mineral crust of the 
globe are discovered in a crystallized state. This is true, for instance, of granite, 
which consists of crystals of quartz, feldspar, and mica; and vast hilly ranges 
of clay-slate are likewise constituted of a mnltitude of regular fonns. The 
body before crystallization may exist in tJie fluid state, either from combining 
with a liquid, or from the action of fire. Krine is an instance of the first condi- 
tion. Here the salt is thoroughly dissolved, so that a pai'ticle cannot possibly 
be seen ; but if the solution is slowly evaporated, the salt again appears in the 
form of cubes. An example of the second mode of action is afforded in the 
case of sulphur, which, when melted and suffered lo cool gradually, shoots out 
into crystals, which, if undisturbed, are soon blended into a compact mass. 
The original atoms are so inconceivably small, that not only do they escape the 
unaided eye, but even when it is assisted by the most poweiful glasses they still 
elude its utmost range. Nevertheless, when, in the act of crystalliziition, 
particle begins to unite with particle, the microscope is of great uljlity, during 
the earlier stages of the process, and crystals of the richest configuration are 
then seen forming immediately under the eye, branching in every direction, with 
the most wonderful regularity and symmetry ; and often bearinfr a striking re- 
■itmhlance to the most beautiful and graceful fuliage, or crowding together in 
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glittering star-like clusters. It is only those sut '.tinces whitli en it ill z ripi ily 
whose beautiful forming figures can be seen by the microwf pe and in ordef t) 
render them visible, the following process is emplojed — Ihe salts are lirst dis 
solved in water until the liquid is thoroiighlv saturated and then when it is de- 
sired to view the ciystailization, a drop or two of the solution is spreaJ oier t 
clear strip of glass, which has been previously warmed The waterj blm is then 
placed near the focus of the objeotrglass of the microscope, and if the solar 
microscope is employed, a lar^ image of the liquid on the glass is seen upon 
the screen. As soon as the fiuid is sufficiently evaporated, the dissolved salt 
is beheld changing rapidly from the fluid to the solid state, and branching over 
the whole screen in crystals of the most exquisite forms ; a single crystal, in 
certain cases, often apparently shooting the length of six or eight feet, in the 
course of half a minute. In the present chapter we shall describe some of the 
most interesting crystallizations. 

NiTOAiB OF Potash, oh Saltpetre. — When this salt is dissolved in water, 
and a few drops thinly spread over a glass slide, crystals are belield shooting in- 
ward from the edges of the fluid, upon the application of a gentle heat. . The 
crystals are very transparent, and their primitive form is that of six-sided prisms. In 
drawing 151 loany varieties of crystals are delineated, as they appear under 
the microscope in a crystallized film, moderately magnified. If the crystals 
form with great rapidity, long arrow-headed shafts, like that portrayed at C, 
are seen shooting swiftly along and throwing out lateral spurs from one side, 
forming a figure like B. , These lateral branches run parallel to each other, and 
from their sides secondary branches likewise emanate, spreading over the sur- 
fiiCQ in lines of crystal network. If the process of crystallization advances with 
less freedom, the lateral branches are not formed ; but the main shoot appeare 
arrow-headed, vrith jagged sides, as in the figure C ; the sides or teeth being the 
rudiments of the lateral spurs. In the field of view other forms are seen like 
those in the group D, most of which resemble the variety C in their incipient 
formation. Another kind with regular faces is seen at A ; the breadth of this 
crystal at the end A, as measured by the micrometer, was found to be one-(wo- 
kundred and seventy- seventh part of an inch. 

In India, saltpetre forms upon the surface of the ground in silky tufts and 
slender prismatic crystals ; especially when the abundant rains of this tropical 
region are succeeded by hot weather. These delicate filaments are swept fi'om 
the surface of the soil into large heaps, which are then leached like ashes, and 
the liquid thus obtained, after being suffered to settle, is evaporated, when the 
nitre remains in a crystallized form. 

In certains regions of India the lower part of the mud-walls of the houses 
becomes wet and black each morning during the dry season, from February to 
May ; and portions of the mud crumble down into a fine powder. This dust is 
swept up every day, and contains about one-fifth of its weight of saltpetre. It 
is stated by the natives that the supply is abundant during those years when the 
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preceding raonsoon-stonns hiive been most heavy, and tlie thunder and lightning 
that attend them unusually frequent. The earth from wliich the niti'e has been 
extracted, in a year or two becomes impregnated again, and the tendency of the 
soil to reproduce it causes much trouble and annoyance to the occupants of 
houses. Bishop Eeber remarks "that the nitre can scarcely be prevented from 
encroaching, in a few years, on the walls and floore of all lower rooms, so as to 
render them unwholesome, and eventually uninhabitable," To such an extent 
does it prevail at Tirhoot, that it may be brushed from off the lime walla of the 
houses, and other humid places, almost in baskeifuls, every two or three days. 

Flowers op Benzoin. — A species of gum, known by the name of Benzoin, 
is estracted from a tree which grows in Java, and some other parts of the East. 
An incision is made into its ti'unk and branches, and a fluid exudes from them, 
■which hardens upon exposure to the air, concreting into brittle masses. It 
melts when subjected to a moderate heat, and sends forth a thick, white smoke, 
which condenses, upon the underside of the cover of the vessel containing the 
melted gum, in slender and delicate crystals of benzoic acid. These are beauti- 
fully whit* and transparent, and emit a fragrant odor. A drop of the solution 
of this acid exhibits very elegant crystallizations under the microscope. Sharp 
eiystals are first perceived forming at the edges, transparent, and without color, 
■which soon push forward towards the centre of the drop, in the form of running 
vines and beautifii) tufts of mimic foliage. Several specimens are delineated in 
drawing 162, possessing the same characteristic form, but still differing in some 
particulars. All consist of similar minute crystals gracefully clustered together ; 
but while one shoots along in light and airy tracery, as in the right hand figure, 
another, like that upon the left, extends laterally, and spreads its glittering 
branches from side to side ; and in different parts of the field of view other 
configurations start forth, and rich tuf^like figures are seen like the central 
forms of the group. The largest tufts and vines appear dark to the eye from 
the immense number of minute crystals which are there clustered together ; but 
amid these, imder a subdued light, wreaths of exquisitely delicate foliage are 
seen, formed of the purest crystals, and gleaming like silver sprays. Inter- 
spersed with the rest, crystallizations in the form of crosses ocour, as shown in 
the drawing. When the acid is dissolved in alcohol, and the solution spread upon 
the glass, the crystallization proceeds with great swiftness, on account of the 
rapid evaporation of the spirit. Al one moment the eye of the observer gazes 
upon nothing but a film of liquid, and at the next, on a sudden, at a single 
flash, order springs forth, and the chaotic surface is profusely studded with all the 
exquisite and graceful combinations which have been detailed. The delineations 
in the figure are drawn from actual crystallizations, like all the rest, and repre- 
sent forms of average dimensions. Some idea may be gained of the smallness 
of the crystals, from the fact, that the breadth of the group a, b, is only the 
one-dx-huTidred and twentieth part of an inch. 
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StTLPHATB OF Ibon, OB Copperas. — This substance crystallizes in transparent 
rhomboidal prisms, and appears of a sea-gieen color when the cry&ials possess 
a o»nsi<lerable siae. Under the microscope it displays very regular and interi;st- 
iflg combinations. A drop of an aqueous solution of the sulphate of iron must 
be only moderately heated, when the film of liquid is soon pei'ceived, cryatal- 
lidng at the edges wheie it is thinnest ; the piincipal crystals pushing forward 
in a straight direction, while at the same time branches proceed from them on either 
side. These latend shoots all start from the main crystal at the same indina^ 
tion, and advance parallel to each other with the greatest precision and ordei', 
throwing out likewise secondary branches, which meet and combine ; and the 
whole array of interlocked crystals, its line bristling with avrow-headed forms, is 
seen steadily advancing over the Held of view. Some of these configurations 
are massive in their structure, and others more light and delicate; but all more 
or less revea! the form of the primitive crystal ; and minute as they are, their 
solidity is apparent from the mingled lights and shadows that fall upon the crys- 
tallized surface. And very beautifully are these lights and shadows varied, as 
the mirror is differently adjusted, and the illumination now plays brightly upon 
some rich and (rlittermg cluster, and again falls chastened and subdued upot( 
the mimic gems. Minute crystals, poesessing the primitive rhomboidal figure, 
are gometimes found at the edges of the oryatnllized film, often clustered together 
in grotesque combinations, resembling, with tlieir salient points and re-entenng 
angles, the fiowning bastionB of a fortress. 



Camphor, — When camphor is dissolved in alcohol, very elegant crystals are 
formed upon a slip of glass, by spreading, in the usual manner, a drop of the 
solution over the surface, 



The film of the fluid cryslalliaes witSi great rapidity, owing to tlie rapid 
evaporation of the alcohol. When the glass is just prepared and placed untier 
the solar microscope, the image of the drop is hehdd upon the screen, as a uni- 
formly misty surface ; suddenly it is bixtken up in the thiimest part, whicli in a 
moment in studded with beautiful star-like figures. Instantaneous flashes now 
Hit auccesKivelv over the rt;maiiiing purtioiis of the cloudy tji-lil, and aiimilt^iiiuous 
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with this motion, the same elegant radiated figures start forth, perfect in form 
on the ground over which passes the creative wave. These configurations are 
extremely beautiful, and consist of delicate crystals, which radiate from a centre, 
most commonly in six branches, which are nearly of the same length. Thpy 
are formed like fem-teaves, wide at the base, and gradually tapering to a point, 
the fringes at the sides being composed of slender, feathery crystals. Scarcely 
any heat is necessary to produce these configurations, for the spirit quickly evapo- 
— *— — d the crystals that originate are of short duratjon, in consequence of tbe 



camphor itself being volatile. The crystals of camph 



e length of a branch being only ti 



! minute, the 



AandraJ and twenty- fifi^ ^rl of a 



Bill Ammoniao, or Mcthiatb ot Ammonia. — The crystals of this salt are 
among the most elegant of those which the microscope reveals, and the prepared 
BolutioQ crystallizes with great facility. The change commences at the edges of the 
film, and at those places on the sur&ce where the liquid is thinnest ; and 
fi'Om these points sharp, broad, dagger-shaped crystals push out in all directions. 
The crystal appears at first as a single stem of the most perfect transparency, 
but as it advances it throws out at each side blunt crystals of different lengths, 

tFaralle! to each other, and usually at right angles to the main shoot These 
ftteral spurs increase in length until the middle of the principal crystal, when 
they gradually diminish in extent until they vanish at its remote extremity. 
The lateral branches ofl«n extend from the principal crystal to a considerable dis- 
tance, and are themselves studded with minute crystals at the side, which also 
shoot out at right angles; and from these again similar systems proceed to ati 
indefinite extent. Another combination consists of six broad and beautiful leave,-* 
diverging from a common centre. In some of the specimens the leaves ar» with- 
out branches ; but in the others they break forth into crystals on either side ; and 
each of the six stems becomes a silvery spray. A very common form is a trans- 
parent, dagger-shaped crystal, with the blade, handle, and guard all complete. 
The crystals are quite small, the breadth of the main stem, in some, being only 
one five-himdredth part of aa inch ; and yet, small as they are, these minute forms 
exhibit with distinctness, when the light falls upon them in a proper direction, the 
full, rich, and vivid play of the prismatic colors. 



jriate of barytp.s is dissolred in water, 
which speedily crystallines on the glassi 
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slide by the appliciition of a veiy moderate heat. The resulting configurations 
are of exceeding beauty, and no verbal description, or delineation of the artist, 
can convey to the mind a full conception of the richness and elegance of the 
forms that are presented the eye by the magic power of the microscope. Not 
only is the beholder charmed with the wonderful delicacy and exquisite grace 
of the figures ; but such is the swiftness with which the fluid crystallizes, that he 
Bees them in the very process of formation, darting forth their glittering filaments 
in all directions with a velocity truly astonishing. A quick formation belongs 
to nearly all the crystalhaations herein described ; but the very rapid change of the 
muriate of barytes from the liquid to the fluid state peculiarly impresses this 
clrcumatacce upon the mind. One combination common to this salt is found near 
the edge of the crystallized field. It appears like a collection of shrubs, shorn 
of their leaves, growing up from the midst of a tuft of rank herbage. The main 
crystals take no particular direction in reference to each other, and the lateral 
branches appear likewise to be guided in their course by no especial law. From 
crystftia like these numerous branches proceed, dividing and sub-dividing until an 
infinity of boughs and sprays are seen, rising from a single stem, and groups aad 
groves of crystal tmes spread their fairy foliage over the whole field of view. 

th the rest; 
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with great rapidity, and the swift advance of their spreading eonfiguralions s'*'^ 
full employment to the eye of the olDserver. A represents the primitive erysiala 
83 seen at the edges of the film, but the two most common fonns are runaing 
vines and plame-like tufts, consisting of numerous crystallized branches of the 
most delicate structure. The first is often seen originating in a single stem, which, 
as it grows, soon hi'eaks up into a thousand curved shoots, that interlace and 
entwine with each other, composing a kind of irregular crystallized network 
extending over the surface before occupied by the liquid. The lateral spurs are 
short, forked, and disposed along the stem without any particular regard to sym- 
metry; .and are often loaded with comparatively heavy crystals, the whole pre- 
senting an appearance not unlike a spray of withered herbage fringed with crystals 
of hoar-frost. The second kind has numerous slender ramificaljons radiating from 
B Mngle stem, each filament ceing studded at the side with minute crystals. 

These glittering plumes are scattered in profiision over the whole Scld of view, 
amid the sparkling network of crystallized vines, and the union of these rich and 
radiant configurations dr.zzles the eye with visions of rare and surpassing beauty. 

A singular form is sometimes presented, in which the solution crystallizes m circles 
around a particle of sediment ; the clroles are gemmed with orystab at the sides, 
and terminate in branching sprigs as graceful a-s the leaflets of a flower. These 
delicate sprays are very small, the breadth of the crystals measuring only one-stic- 
teen hundred and sixtieth part of an inch . 



Sulphate op Soda, or Glauber Salts. — This salt crystallizes slowly by the 
application of a gentle heat, and exhibits a great diversity of combinations, 
which are, for the most part, massive, and stand boldly out upon the surface of 
the glass. One variety commences in a spicular cluster, similar to that delineated 
at A in drawing 158, the branches of which spread out in long needle-shaped 
crystals on every side, which, intersecting with others of similar nature, frequently 
form an irregular crystallized lattice woi'k. Sometimes long and massive ci'ystals 
radiate from a common centre like the spokts of a \vheel. Another variety of 
crystal, of a delicate white color, broad, pointed, and shaped like a feather, ia 
often seen advancing in the field of view, and sending foj'th its glittering filamenta 
on either hand. In other parts of the crystallized tilin, a number of these crys- 
tals are beheld ranked side by side, like tie teeth of a comb, and the surface ot 
each is itself studded with still smaller crystals. Rich, starry crystals are also 
found, like those displayed in group B, and the other forms which are here de- 
lineated are scattered in profusion amongst the rest. Very beautiful figui'es ara 
frequently observed near the edges of the drop where the salt is nost abundant. 

Two of these are exhibited at C and D, the first of which is a heavy transparent 
configuration of considerable thickness with serrated sides, formed of single dia- 
mond-shaped crystals. The second is a very singular crystalline structure, and 
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resembles some massive piece of sculpture wrouglit with elaborate still. The 
ciystals that compose the arch-like figure are very large in comparisoTi with the 
rest in this cluster, and yet the distance from a to 6 measures only one- three-kun- 
ired and fifty-seventh part of an inch. 



— The crystals of verdigris are of a fine greenish blue color, and 
have for their primitive form that of a lozenge or rhomboid. When a drop of 
the prepared solution is placed upon a slip of glass, it begins to crystallize at 
the edges, under the action of a mild heat, and clusters of transparent crystals, of 
the form exhibited at «, in drawing 159, are seen gleaming with a rich blue tint, 
upon the edge of the drop. Another form like that at 6 is likewise be- 
held branching from a single st«m, like the leaves of the fleur-de-lis. A 
similar spicular cluster, in which the stems are more numerous and slender, is 
observed at c. Another configuration is delineated at d, which originates in a 
single, diamond-shaped crystal, one point of which, possessing greater energy 
than the others, has pushed forth a long serrated crystal, from which arrow- 
headed lateral forms proceed, in a direction parallel to each other. 

The solution of verdigris does not crystallize with rapidity, and as the 
liquid evaporates slowly in the central portions of the drop, delicate needle- 
shaped crystals are detected amid the larger forms, crossing each other in all 
directions, A specimen of this configuration is drawn at e, and throughout the 
entire surface of the crystallized film, minut« crystals of the first form are pro- 
fusely scattered. The lai^r crystals of verdigris are extremely well defined, 
and as perfect as if cut by the lapidary. In the figure d the breadth of one of 
the latej'al crystals at the head ef, is one-five-hundredth of an inch. 

SuLPHAiE OF Mabnbsia, oe Epsom Salts. — The crystals of this salt com- 
bine in figures of exceeding beauty, and with a slow and steady motion. The 
observer is thus enabled to examine at full leisure the shapeless fluid, as it grad- 
ually changes into the richest configurations, which grow and expand on every 
side, lavishly adorned with the most exquisite and singular figures. The crys- 
tals are best viewed in the evening, by the light of a lamp ; at the moment 
they begin to form, they are then seen shooting along parallel to each other, in 
the shape of massive broad shafts, arrow-headed, and serrated on either side. 
At limes their sti'Qoture is more elaborate, and they somewhat resemble long 
leaves, with strongly marked veins branching from the main stem. As the crystals 
advance, the lateral points or teeth likewise expand in broad crystals, running, 
some obliquely and some at right angles to the principal figure. The lateral 
crystals likewise throw out from their sides a third set, and thus the rsniififiations 
extend until, weaving and interlocking with each other, the entire field of view is 
eovered with the crystalline structure. This in many parts reeeinblep, in the 
promiscuous grouping of its figures, a surface composed of fern Iciives placed 
upon each other, without any regard to regularity ; but in others the figures are 
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these crystals is their soltness of tint tliey shine with a pearli whiteness, and 
the light come*! throiffh tl em mid and aubd led Ike the gaotle radiance of the 
moon, imparting such a '■oftness to these beaitiful fisures that they appear aa 
delk'.ite as flower wrenths n riught on a sat a ground Another form is a pearl- 
colored, lozenge shaped cryital and is often seen small at hrst but of perfect pro- 
portions. As the eye remains fixed upon it, it is seen gradually to increase in 
size, retaining nevertheless, at the same time, its original symmetry, a result 'which 
is effected by the sides expanding uniformly from the centre of the crystal. Sev- 
eral modifications of this type are seen. A fourth variety coii?ists of ciustera of 
spioular crystals, and in another configuration massive crystals cross each other, 
and interlock liltethe roots of trees. 



SctPHATE OF Copper— The sulpl te f eoppe aft 1 a eb sol t o 
which forms quickly Uf on he af f i o o J n ode it he o 1 j, sj cu 

crystals, uniting and hi nd eg w th e eh oth The network of the c ystals a 

clearly discerned by he uni ded eye b t the m cros ope is need d to 1 splay 
their more intimate comb oat ons i d the d ffer nt onh urat ons they assume 

In drawing 161 are del neated a number of cryatals of sulphite of copper 
the long spicular figure C at tl e to[ s that vh h ti st d tccted u de the 
microscope, pushing fo war 1 its si arp po ot nto tl st II z ng fi i A_ t 

advances it spreads out laterally, sending foith numerous ciystals, mostly fom 
one side, which often unite so compactly togethej', as to constitute a triangular 
plalfl. The form it then assumes is the same as that which is exhibited at D. 



A more delicate and perfect configuration is displayed at a 6 ; the crystals of 
which are exquisitely fine, especially those at the sides. Instead of being 
blended together, as at D, they are distinct and separate from each other ; and in 
every set branch from the main stem in exactly parallel directions. The dis- 
tance between the two adjacent principal crystals a and b, is only the fme hun- 
dred and ninetieth part of an inch. The cluster E consists of short prismatic 
crystals, which are usually found in groups, near the edges of the liquid, wherever 
th? film is comparatively thick, and the matter held in solution quite abundant. 

Profusely scattered throughout this locality, fine diamond -shaped crystals are 
likewise often found. A rare configuration is delineated at F, consisting of a 
minute and distinct portion of the liquid which has concreted without regularly 
crystallizing throughout, a circumstance, which oft«n happens when too much 
ht'at is applied to the glass slide. In the midst of this mass a beautiful spiral 
system of exquisitely formed crystals is beheld, emanating from a central point, 
said spreading its slender and plumy branches over the entire transparent 
surface. 
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Allm, — It] ili-awing 162 are delineated several groups of the crystals of alum. 
This suljhtaiice is fur the moat part artificlallj produced, and ia seldom found in 
a native state, though it occasionally appears as an efflorescence, and exists in 
certain mineral waters in the Eaat Indiea, The primitive tbrm of the crystals 
of alum is an octahedron ; that ia, a regular aolid contained within eight equal 
faces. The combinationa of the single crystals are extremely rich, and the fig- 
ures in the drawing but faintly repreaent the exquisite crystalline tissue which is 
seen beneath the microscope emerging from the shapeless fluid ; every part sym- 
metrically wi'ought with lines of fairy gems, replete with elegance and beauty. 
The crystals form rapidly, and are beheld on the slide shooting forth into the 
liquid film, in figures Uke those delineated at A, being ari'ow-headed and serra- 
ted at the edges. Advancing side by side in parallel lines, they each spread 
rapidly on either hand, throwing out lateral spurs at right angles to the main 
crystals. From the edg&s of these secondary crystals, othei-s in like manner datt 
forth, all weaving and interlacing with each other, and forming, with other simi- 
lar systems, one unbroken, glittering sheet. The advancing line of such a crys- 
talhne field, is displayed in figures B, C, and D. Sometimes the main crystals, 
as at C, slightly diverge from each other. An unusual configuration ia de- 
lineated at E, where two sets of crystals, bending in parallel curves, intersect 
each other, and form, by their union, a light and graceful gothic arch. The 
breadth of the larger crystals across their arrow-heads, I. h, measures about one- 
twf hundredth of an inch. 



Salt, oh Chloribb of Sodium. — The primitive form of crystals of a 
is a cube, and the crystalline structure of the fragments and masses in whicli it is 
found, is seen at a casual glance with the unaided eye. A solution of salt, aa it 
crystallizes, is never seen spreading out into beautiful ramifications ; but aa fast 
as the fluid evaporates, the surface of the glass becomes studded all over with 
minute and sparkling gems of salt Eight-sided and twelve-sided figures are 
likewise formed by the union of the primitive cubical crystals. Another variety 
ivhich is quite common is that of a hollow rectangular pyramid. It begins ita 
formation at the surface of the fluid with a small cube, upon the upper edges of 
which four rows of small cubes soon crystallize. To their upper and outer 
edges other cubical crystals now attach themselves, and by degrees a hollow py- 
ramidal structure is completed — capped at the smaller extremity with the origi- 
nal cube. 



Ssow.— The snow-flake whchiaries from more than an mch to sfifji 
dredfhi of an inch in diameter cons sta of an ■wsemblioe ot exqu ".itely n 
crystals ; and from its bea it lul figi. e* and rich diversity of foims, has evi 
cited the admiration of obsor^era 
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When Uie snow descends in a calm atmosphfie, the cuiistito( nt crystals of 
the flake are perfectly developed, but iny i^itition of the air, or an incip<*se lu 
moisture or temperature, destiojs their delicate stmctuie The single crystals 
always unite at angles of thirty, sixty, and one hundred and twenty degrees, but 
by their different modes of union, give nse to several hundred distinct vanetxis 
Scoresby, a celebrated Arctic na> igator, has enumei ited no less than six hundred 
kinds, and delineated ninety-Eix , and Kxratz, a German miteoiologist, has ob- 
served twenty more, not figured bj Scoresby 

Although the varieties are so numeiout, they aie ^11 comprised under 
Jive principal classes, which are distinguished is follows fust — ciytdls in 
the form of plates, very thin, transparent, and of ^ delicatp structure This 
class includes many remarkable varieties, which are repteaentel b} the hrst 
twenty-five forms in cut 164 Secondly — flakes either posspssin^ i spherical 
nucleus, or a plane form studded with nei-dle shaped crystals hke the 26th 
figure in the cut. Thirdly — slender, pnsmatic crystals usuall} siil. sided, but 
sometimes having only three sides. Fourthly — pyramids with sit sides, aa 
shown in figure 27. Fifthly — prismatic crystals having peipendieulai to their 
length, both at the ends and in the middle, thin six-sided plate" as delineated 
in figures 28, 29, and 30. The last two classes arp extremely rare Scoresby 
having observed the fifth but twice, and the fourth only onee in all his voj iges. 

The crystallization of aqueous vapor is beautituUy displayed when a thin film 
of moisture is frozen upon a window pane. Then m additun to single, star-like 
crystals, exquisite branching configurations are seen extending their glittering 
lines in all directions. When water, in a body begins to fieeae similar results 
occur, and at such fames, along the edge of a rn ulet long needle shaped crys- 
tals will be seen, darting from the ice that fringes the bank towards the centre 
of the stream, and which, rapidly interlacing with each otiiei soon unite into 
one compact mass. Often, upon raising a thin sheut ot i<.e liom the nator, the 
under surface will be observed covered with a netwoik ot i,rjftah Ihe snow, 
on account of its light and branching crystallization dest^nds sottly upon the 
earth, clothing its surface with a fleecy mantle which eflectually shields the 
tender plants from the inclemency of the wintry season If it had been ordered 
otherwise, and all the moisture, that now forms the snow had lillei in solid 
masses of ice, like hail, the evils which would have arisen undei such i pro 
vision in the economy of nature, must have been many and great 

ON CRYSTALS FOUND IN PLANTS. 

It has been jiroved, by the microscopic examinations of distinguished natural- 
ists, that saline substances ai'e spontaneously crystallized within the cells of plants ; 
the crystals having been found existing in infinite numbers throughout the bark, 
wood, and leaves of a great variety of trees and shrubs. The facts slated in 
this section are mostly taken from an interesting paper, read before the 
Association of American Geologists, by Professor J. W. Bailey, of West Point, 
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detailing numerous discoveries made by liimself. The attention of Prof. B. was 
sccidenUiUy led to the pursuit of this subject by noticing, one day, the ashes of 
a hickory ember, in which the natural structure of the wood was preserved unin- 
jured, by the saline matter which had resisted the Hction of the fire. In order 
to preserve this structure, the Professor prepared a slip of glass with melted Canada 
balsam, and touching the ashes gently with the adhesive side, the delicate longi- 
tudinal section was transferred to the balsam, and became firmly fixed in this 
substance as it cooled and indurated ; each part of the structure retaining the 
same relative position as it possessed in the wood. When the preparation was 
placed under the microscope, long rows of polygonal bodies of a brownish hue 
were clearly perceived. Similar bodies were discovered in the ashes of the oak, 
and in those of most dicotyledonous* trees, both native and foreign, constituting 
& large proportion of the insoluble matter of the ashes. 

Prof. Bailey was at first in doubt, whether these bodies were in fact true crys- 
tals, or simply saline matter which had taken the form of the cells in which it 
had concreted. 

This doubt was solved by observing the bark of hickory when illumined by 
the rays of the sun ; numerous glittering particles were then seen, which proved, 
OK examination, fo be crystals ; for when thin layers of bark, or sections of wood 
and bark were viewed by a microscope, the crystals were detected imbedded ia their 
nataral position. 

They were, however, better seen by scraping the bark upon a plate of glass, 
upon moistening which with the breath, the crystals were made to adhere to 
the surface, while the woody particles were readily blown oif. When placed 
under the microscope the glittering atoms then appeared as beautiful transparent 
crystals, having the forms exhibited in figures 165, 166, 167, 168, 169 and 170; 

) being single 



165, 166, and othempos- 
Fi^. 169. ses.siug acompound form, 

/ V as shown in figure 168. 

. \, These crystals, when 

^ ^xO^prepared with lialsam, 

wei'e identical in every 
particular with the poly- 
gonal bodies found in the 

These singular and interesting results led Prof B. to extend his investigations, 
and he had the pleasure of discovering that the bark of every species of oak, 
birch chestnut po] lar, elm, locust, and of all the common fruit trees, as the apple, 
pear plum chtrrv and hliewise of a great number of others, were filled 
with custils cicttded together in vast numbers. When thin layers of the 

• Prom the Greek dis, ifcuifc, and totjledon, a lefd-leaf. Trees mhoae seeds dividi; intoiieo 
partj, as the sproul. 
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birlc were moistened, and examined by the microscope, tlie arrangement of crys- 

fciis fippeared like an elegant piece of mosaic work, as shown in figure lYl, which 

is a section of the bark of a species of popkr, the crystals in 

the cells of the bark being either single or compound. The bark 

of the locust, willow, chestnut and various other trees exhibits a 

similar appearaoce. Id the densest woods, such as mahogany and 

lignum vitje, the crystals may be found by scraping the wood into 

a watch-glass filled with water, picking out the woody parLielws 

and then examining the residue; and if by this process the crysUils 

are in any case sparingly discovered, they will be I'evealed in great 

quantities if the ashes of the wood to be examined are imbedded 

in balsam in the manner before described. . ,^^ 

The crystals are likewise detected in the minute particles that K_^fl ( « 

fall from worm-eaten wood, or sawdust, and in the finer par- ^ ^l_i|| 

ticles of ground dye-woods, such as fustic Brazil wood, camwood, ''^^^^i'-^-'' 
logwood, sandal wood, &c. 

Prof. B. next proceeded to examine the leaves of trees, which 
were likewise found to abound in crystals. By slowly and care- 
fully burning the leaf until the ashes became white, and covei'Jug the residuum 
with Canada balsam, the incombustible portions of the leaf exhibited a skeleton 
of its figure. When a fiill grown leaf was thus prepared and placed under the 
microscope, the course of the minntest veins in the leaf was seen traced out in 
the ashes by a row of transparent crystals. In young leaves these crystals weie 
observed only to exist in the main stem, and along some of the principal branches. 
In the leaves of other plants the arrangement of the crystals was found to be 
different, being scattered throughout the cellular tissue in star like groups 
crystals of the primitive form, represented ir* 
177, were found by Prof. B. to exist 
abundantly in more than one. hundred 
species of plants, belonging to more than 
thirty different femilies, which comprise 
tf le great majority of dicotyledonous trees 
and shrubs, besides many herbaceous 
plants. Tbe primitive form displayed 
in figures 165, 166,167, 168, ""■ 
170 and 171, was found to be far i 
more sparsely scattered in dicotyledo- „ 
nons plants, than the forms found in th( 
last set of figures ; while a third form 
which is exhibited in figures 178 andl 
179, is more abundantly discovered than 
the second form in the same division 
of plants, and is believed by Prof. B. 
to be composed of crystals of the two 
first forms. 



n figure* 172 173, 1^4, 17o 
Fig na. fig 1J3. 
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e of these crjatala i 



Fig. 178. 




a very amall, not being greater in some trees, aa the 
o.. 1-.A locust, willow, &c., than the 

twelve hundred and Jiflietk of an 
I inch in length ; but their number 
o great tliat within the com- 
pasa of a squai'e inch of bark, 
not thicker than a sheet of writ- 
ing paper, more than a million of 
B beautiful gems are collected together. And when we reflect, says Prof. B., 
" upon the number of such layers contained in the thickness of the bark, and 
the number of square inches given by the surface of a large tree, including all 
its branches, and then consider, that in addition to all this, the amount of crys- 
tals contained in the leaves, wood and roots is to he taken into account, we find 
that the number of crystals in a single tree is enormous beyond all con- 
ception. Yet the greater number of trees in the forests, not only in this but 
in all countries, are as full of these bodies as the specimens exhibited in figure 
171." When the crystals found in wood are subjected to chemical testa they 
are generally found to be composed of oxalate of liTne. Between the figures 
178 and ITS a small scale of measurement is seen, which is magnified to the 
Bame extent as the crystals above described. The true length of the scale in 
the cut is one-Jive hundredth of an inch, and each division is equal in extent t6 
one-twenty five hundredth of an inch ; by eompaiing these divisions of the scale 
with the size of the crystals, their exceeding minuteness is at once recognised. 
In figure 180 is exhibited a collection of crystals obtained in the manner de* 
p. jgp scribed by Prof. Bailey. Fix- 

ed in the indurated balsam 
they appear, in vast numbers, 
under the microscope, of a 
brown color, and bearing a re- 
semblance in their shape to 
kernels of rice. A single crys- 
tal measures in length one-six 
hundred and twenty-fifth ^rt 
of an inch. 

The delicate crystalline tra- 
cery existing in the burnt ashes 
of a maple leaf, is beautifully 
displayed in figure 181. Tlie 
leaf from which the drawing 
s taken was prepared in the 
way above stated, when upon 
^^ placing a portion of the ashes 

beneath the microscope, fine lines of brilliant crystals were beheld, as exhibited ii 
the figure, following alt the minute ramifications of t' ' " " "" 




Some of the lines 
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were more or leas brolen, on account of the fragile nature of tbe ashy film ; but 

many were preserved entire, and exhibited in'lhe field of view, the crystalline 

network of the figure. With- ?> i?i. 

in the compartments formed 

by the chains of crystals, dark 

masses are beheld, which are 

crystals of a larger size. The 

small crystals measure in 

length one-tmo thousandth part 

<yf an inch, and tbe larger one- '■ 

wven hundred and sevenly- 

fifth fart of an inch. 

Amid the starch globules of 
potatoes and in the outer coat- i 
ing of the bulb of the onion, 
crystals have likewise been o 
found, differing in form from ^ 
all the preceding. In 6gurel82 ^c 
the thin coating of an onion is O 
delineated as it appears when 
magnified. This tissue is di- 
vided up into cells in which 

the crystals ai'e formed. Their shape is that of a right square prism, i 
length, they measure one-eight hundred and thirtkth part of an inch. 
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CHAPTER VI 

PARTS or INSBOTS, AKD MISCSLLANEODS 0BJECI9. 

Insects and mites, of mean degree, 

That swarm in myriads o'er the land, 

Moulded bv Wiadom'a artfuihand, 

Aod curled and painted with a various dye ; 

In your innumerable forms 

Praise Him that wears th' ethereal orowo, 

And bends His lofty couDsels down 

To despicable worms. — Watts. 

ErES, — Nothing within the whole range of his inveatigationa has more elicited 
the admiration of the pliilosopher, than the wondrous structure of the human 
eye. Exceedingly complex in all its arrangements, it abounds with exquisite 
contrivances for securing, under every circumstance, distinct vision ; and so 
complete are the several parte in tiemaelves, and so admirably adapted to each 
other, that it is justly deemed the most perfect of all optical instruments. 
Upon its curved and crystal front, fall the rays of light from unnumbered objects, 
spread over a landscape miles and leagues in extent; and the luminous lines 
converging in. the eye with unerring accuracy to the interior surface, form a 
faithful picture of the entire scene, within the compass of a finger-nail. Perhaps 
a vast city is immediately before it, with its splendid panorama of towers and 
turrets, spires and cupolas, piles of massive buildings and thronged streets ; 
while beyond, the harbor is crowded with the barks of commerce, and bays, and 
misty isles stretch away in the dim distance ; yet all these are perfectly delin- 
eated upon the retina, in their just proportions and natural colors. 

But if our wonder is excited when contemplating the structure of the eye 
of man, and of other animals, it is still more heightened upon examining the 
visual organs of insects, beneath the powerful glasses of the microscope. The 
eyes of insects differ from those of other animated existences, chiefly in respect 
to number, form and arrangement. In some, as in the spider, the number varies 
from six to eight, possessing such a diversity in their mutual arrangement, that 
their relative positions have been employed by writers to designate the several 
species. Thus, in one kind the eyes are arranged as in figure 183 ; in another 
as shown in figure 184 ; and in a third according to figure 185, and so on. 

Fig. 183. Pig. 184. Fie- 185. 



o 
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The scorpion lias sx ual o g n nd lia entipede twenty; but other ia- 
sects, as the butterfly nd d ag fly a e d with a vast number of eyes, set 
in a common hall, to wl ch the na e ha. b ^ven of reticiilaied, or network 
eyes. These complex organs appear to be designed for horizontal and down- 
ward vision ; while coronet eyes are found placed upon the front and top of the 
heads of insects. These latter organs ap[>ear as round, transparent, and shining 
points, and are supposed to be employed for upward vision ; they are usually 
three in number, and are generally arranged in the form of a triangle. 

Reticulated Eyes. — When the eye of a buttei'fly or dragon-fly is viewed 
through a powerful microscope, it resembles a piece of network, and presents 
the appearance of a honeycomb; each apparent cell being; a perfect eye. The 
outer surface of each is bright, polished, and round, like that of the human eye, 
and reflects as a miiTor the images of surrounding objects. What therefore is 
commonly termed the eye of the dragon-fly, silk-worm, bee, and of other insects 
having similar organs of sight, is in fact a complex instrument of vision, con- 
sisting of a great number of single eyes, arranged in a globular case, each capa- 
ble of forming distinct images of the objects before it. Dr. Hooke discovered 
no less than ^000 single eyes in the compound eye of a horse-fly, while accord- 
ing to the computation of Leuwenhoeck, more than 12,000 are contained in that 
of the dragon-fly ; and M. Puget counted in each of the reticulated organs of 
some butterflies which he examined, the astonishing number of 17,325 lenses, 
each constituting a perfect eye. Optical artists have constructed an Inatiument 
called a maltipli/ijiff glass, by taking a solid piece of glass, bounded on one side 
by a plane, and on the other by a curved surface, and then grinding and polish- 
ing the latter into a number of flat faces, still preserving, howevei', the general 
curvature. When a single object, as a flower, is beheld through this instrument, 
its images are multiplied in proportion to the number of exposed faces, and are 
all symmetrically arranged together, if the faces of the glass have been cut vrith 
regularity. 

Reticulated eyes operate in the same manner ■ and naturalists, by carefully 
prepai'ing these organs, and observing oi>jeots thiough them with the aid of a 
mieroaeope, have been surprised and delighted at the wonders that have met 
their view. Not only are objects multiplied, but they are also diminished to n 
surprising degree. As Puget gazed at a soldier through the eye of a flea, an 
army of pigmies suddenly appeared before him, and the flame of a candle 
flashed forth with the splendor of a thousand lamps. When Leuwenhoeck, in 
like manner, directed his sight to the steeple of a church two hundred and 
ninety-nine feet high, and distant seven hundred and fifty feet from the place 
where he stood, it appeared no larger than the point of a cambric needle. 

The retJculated eyes of many flies shine with the brilliancy of the finest gems, 
and gleam with the richest hues of light In some the tints are red, in others 
green, while a third class glow wi^ a play of colors of surpassing beauty, 
formed of mingled yellow, green and purple. Some ephemeral insects are gifted 
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n four of these wonderfuily complex organs, the ordinarv pair 
1 color, while thw additional pair, shining with a bfautiftil 
citron hue, rise side by side from the upper part of ibe 
liead. The form of tie single lenses in reticulated eyes 
is not the same in every insect endowed with this curious 
organ ; for in the compound eye of the dragon-fly and 
i honey-bee, the lenses are six-sided ; while in that of the 
' ' ; they possess a square form. In figure 186 is 
IJ shown a portion of the cornea of the compound eye of 
a dragon-fly, the single eyes of which are seen to be six- 
sided, and regular hexagons. In. ceilain positions, in re- 
spect to the direction of the light, they gleam with a neh 
golden hue, and three parallel boi'ders are discerned, which 
divide the single eyes from each other. The inner circle 
e 187 represen.ts the same object of its natural size. Figure 188 pre- 
sents a magnified view of a part of the complex eye of 
a lobster, composed of a great number of single eyes, 
Fig, 188 possessing a square form ; the real size of the object is 

shown by the smaller circle in £gure 189. 

s eyes of the bee, which are delineated in figure 
ire described by Swammerdam as being profusely 
I covered with hairs, which pierce through the outer cov- 
ering of the eye, in the same manner aa the hairs of the 
human body penetrate through the skin. These bars 
lumerous, bristling in thick profusion over the 
'■^ eye, and are supposed to perform the office of eye-lashes 
' eye-brows, in protecting the organ from dust, or 
any similar annoyances that might work it harm. In this figure, the com- 
pound eyes of the bee, with the ])arts adjacent, are beautifully and distinctly 





Fig. 189, 



The upper part of the wood cut exhibits one of the eyes in its perfect state, 
composed of hexagonal lenses, and bristling with hair. In the lower por- 
tion of the same figure, the other complex eye is shown, deprived of some of 
ila hexagonal lenses in order that its structure may be perceived : the lenses or 
single eyes are here seen to have the shape of a pyramid. The three oval 
figures, situated together in the angle formed by the two compound eyes are 
the coronet eyes of the insect, while the two bi'anohing members that curve over 
the reticulated eyes, are the antennre of the bee. Between these the head is 
thickly covered with plumes of hair. Figures 191 and 192, represent seven of 
the hexagonal lenses, very highly magnilitd, and which, in 192 are exhibited 
bristling with hair. 
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Wings. — The wings of inseofs affoi'd cunous and iiit rest nq; ob]eota for mi- 
croscopical examination; since in form and structuie their dnemty is endless, 
8nd theii" rich adornments and exquisite bues are often auipassingly beautiful. 
When magnified, a great number of minute joints are biouglit to view, by means 
of which the gnuze-lilte wings of many of these little creatuiea aie at one time cu- 
riously folded up within their sbelij cases, and at another are instantly expanded 
for flight ; while numeroua branches of veins, nerves and muscies extend through- 
out these delicate structures, conveying life, strength, and action to every part. 
The hard and shell-like cases, under whicli these transparent wings are securely 
folded, are usually highly polished, and are often adorned with elegant 
flutjngs, and a rich diversity of splendid tints. The diamond-beetle possesses all 
these beauties, and is regarded as one of the most brilliant objects in nature. 
Its head, wings, and legs are studded with scales, glowing with the resplendent 
colors of the sapphire, ruby, and emei'sld ; atid it is said, that in Brazil, where 
they are found, such is the dazzling splendor of their hues, that the eye cannot 
endure their radiance as tliey fiy in swarms through the air upon a sunny day. 
In figure 193 the wing of au earwig is shown, of its natural size, and the same 
is also there delineated as it appears when magnified. The upper pai't of 
the large cut represents the wing-case, which is opaque and shelly; while the 
rest of the figure exhibits the greater part of the wing, which is thin and 
tnmsparent, and folds up neatly beneath the wing-case, which is not more than 
one-sixth of the entire wing in size. Some of the ribs are seen radiating to the 
border, like the sticks of a fan, from a small space in the upper part of the 
wing, while others intervene of shorter length, and proceed from the margin 
half way towards this central spot. All these ribs are connected together by a 
band that runs along parallel to the margin ; the entire arrangement being evi- 
dently contrived so as to impart, at once, strength and lightness to the wing, and 
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tbua Cicilitati? its rapid motion. When the wing closes, the ii.sect first turns back 
the marginal part, and then closes the ribs in the manner of a fan, folding up, 
within a small compass, the entire delicate structure of the wing, under the pro- 
tection of the strong sliield of the wing-cover. 




The wing c^ses ire not in ill instmcea composed jf i horny substance , smca 
among the beetle tnbe the^ frequently consist of i "ofter materul like leather. 

When the insect is prepirmg to fly, the wing cases are opened to such an ex 
tent as to aiiow full play to the nings , the insect then launches into the air, 
striking it vertically with these dehcate organ*;, while the wing cases are kept im- 
moveable during the whole time ot flight. The resistance presented to the atmos- 
phera by the latter is supposed to facilitate in some way the motions of these lit- 
tle beings. Ite bodies of insects, like the beetle, are almost in an upright posi- 
tion, xiuring their flight, and present a singular appearance, in the case of the 
larger kinds, aa they move heavily and laboriously along. The wings of the 
beetle are for the most part of great extent, and the riba that ramify all over their 
Burface are stronger than those which are found in the wings of other orders of 
insects ; and are so arranged as to strengthen and support every part. In addi- 
tion to what has already been remarked regarding the structure of the wings of 
insects, it may be further observed, that the ribs are hollow tubes originating in 
the ti'unk, and that within them are tubular vessels, which are supposed to be 
dr-vessels communicating with the organs of respiration in the trunk. 
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cut 194 is deline t ! Ih w f th H m 
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i^hoje foiming a strong and compact net- 
H 01 k bound fii mly together. In addition 
to the beauty and regular structure of its 
wings, this insect is otherwise adorned, its 
body being tinged with a delicate green, 
while its two eyes glitter like beads of 
pohshed gold A striking instance is 
here afiorded ot the care bestowed by 
our Heavenly Fither upon one of the 
smallest and least enduring of his works ; 
for the Hemei jbius in the course of a 
tew hours comes into being, matures 
and diea , completing, in this short space 
of time, the whole round of its existence, 
ind yet its Creator has not only bestowed 
upon it those organs and powers which 
are necessary for the" discharge of the va- 
rious functions of its life, but has not 
deemed it beneath him to lavish upon it 
the biiglit gitta ot beauty. 

Feathers op Moths asd Buiter- 
FLiBB — A certain order of insects, which 
includes Motha -ind Butterflies, have re- 
ceived the name of Lepidopteraf from 
the peouhai construction of their wings. 
These members are covered with a fine 
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dml, resplendent with the most brilliant colors, adorninjj their variegated surface. 
Wheu tliis dust is examined by the microscope, it is discovered to consist of a 
vast number of minute/ea(Aers or scales, differing in form, and aa remarkable 
for the elegance and symmetry of their atnieture aa for the beauty of their hues. 
Their shape not only varies in different insects, but tbe same insect possesses 
feathers of different forms. Some ai'o long and slender, others short and broad ; 
these are smooth at the edges, and those serrated or notched ; one kind ia tri- 
angular and a second oval. When viewed under the microacope, these scales are 
found to be terminated by a short stem, that connects them with the wing, and 
their surfaces are grooved in lines and stripes, which take different directions in 
different scales. In some feathers two or more sets of lines are discerned cross- 
ing each other. When this feathery dust is brushed away from the wing of a 
butterfly, the surface below appears like the wing of the Hemerobius— a network 
of ribs connected by a delicate, transparent, and elastic membrane. The ribs are 
hollow, by which contrivance, a wing, though broad and extended, still retains ita 
bghtness, and on the membrane rows of dots are perceived, where the stems of 
the scales were attached to its surface. On those parts where the dust remains, 
the little particles are seen magnified into feathers, symmetrically arranged and 
overlapping each other like the scales on a fish. These several appearances are 
beheld in drawing 195, which represents a portion of the wing of a butterfly, 
called the Papilio Archippua, partially divested of its scales. In this minified 
view the hghtev parts of the drawing represent the delicate exposed membrane 
of the wing, while in the rest of the figure it is covered with scales, which are 
of a rich brown hue, partially overlapping each other in regular rows. The 
several lines of dark spofa that cross the membrane of the wing are the places 
where the stalks of uie feather were fastened to its surface. The breadth of 
these spaces ia the sixtem hundred and »ixty-sixth pari of an inch, and the 
width of one of the scales the two hundred and fiftieth part of an inch. The 
scales on the wings of an insect, termed the Lepisma Saccharina, are of two 
kinds, one set being arranged as usual in rows, and the other, possessing a differ- 
ent shape, are inserted between and over the former, fastening them firmly down 
in their places. In some instances the scales are distributed over tbe membrane 
without apparently any regular arrangement. Drawings 196 and 197 exhibit 
magnified views of scales taken from the wing of a butterfly, known by the 
name of the Morpho Menelaus. The color of the upper surface of ils wing is 
of a rich blue, brilliant beyond description, and vying in splendor with the purest 
azure of the sky. The scales taken from the central portions are of a pale blue 
tint, mingled with others that are almost black. The former are for the most 
part wider than the latter, and measure nearly tbe one hundred and iwentietk 
part of aa inch in length. Beneath tlie microscope they exhibit the appearance 

Siresented in drawing 19U ; the entire surface being fluted with lines which run 
engthwise of the scale, and are connected together by short cross lines passing 
between them. In drawing 198 and 199 are delineated the feathers of the 
lead-colored Spring-tail, an active little insect about the tenth of an inch long, 
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found iimong saw-dust and damp wood. Its body and limbs arc cased in deli- 
cate scales, vjii'jini; from one-nine hundredth to one-one hundred and sixtieth 
part of an inch in length ; and which iire covered with lines diversified in ar- 
rangement as displayed in the above-named figure. Scales of very singular form 
are found oc the uuder side of the winjr of a beautiful blue huttei'fly, called tha 
Ljcaaa Argus. In shape they resemble a battledore, with sti'ings of beads run- ■ 
iiing lengthwise over the surfece parallel to each othei'. The feathei-s upon the 
wing of an insect are exceedingly numerous, for according to Leuwenhoeck each 
wing of the motli of the silkworm contains more than two hundred thousand, 
and the wing of this insect is small compared with that of many other moths ; 
for one of the largest, the Atlas moth, the feathers of which are deliueated JO' 
figure 200, measures nearly a foot across the wings. In figure 201 is delineated 





several scales from the wing of the Death's-head moth, which receives its name 
from bearing upon the sui'face of its thorax a large grey or yellowish spot, which 
strongly resembles in form the front view of a human skull or Deatli's head. 
On account of this peculiarity, and also fl'ora its great size, and the power it like- 
wise possesses of emitting a "jlaintive cry, this insect has been regarded with 
superstitious awe. Reaumur relates, that appearing once in great numbers in 
some districts of Bretagne, they were viewed with terror by the inhabitants, 
as the sure precursor, and even the cause, of war and pestilence. In German 
Poland it is termed the Wandering Death Bird ; and to the dreamy imaginations 
of the superstitious, the head of a perfect skeleton is distinctly visible on the insect, 
resting upon the limb bones crossed beneath ;while its cry is the moaning of a child 
in pain and suffering. Its creation is regarded as the work of evil spii'lts, and the 
reflectionsofthoae lurid flames amid which it arose, are discerned in the gleaming of 
its glittering eyes. The rich hues of the scales of the Lepidopteta are supposed in 
general to be due to the presence of coloring matter, but the more delicate tints 
are regarded by Dr. Eoget as an optical effect, produced by the fine lines upon 
the surface of the scale ; a phenomenon identical with that observed in mother of 
pearl, where the concentric fiutinga of the shell occasion the bi'illiant play ot 
colors that adorn its suiface. 
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Eaas, — The eggs of bircia, thougL diffaring in color, possess nearly the same 
form, varying only by slight changes between an oval and a globular shape. Such 
however is not the case with those of insects, which exhibit an endless variety 
of exquisite forms often most beautifully and elaborately wrought, and bearing a 
resemblance to richly carved work. " We meet with them," says Kirby, " of the 
shape of the common hen's egg, flat, round, elliptical, conical, cylindrical, hemi- 
spherical, pyramidal, Bquare,Iens-s(iaped, turban-shaped, pear^haped, boot-shaped, 
and sometimes of shapes so strange and peculiar, that we can scarcely credit their 
claim to the name of eggs." Indeed, th^i empty shells left upon the leaves of 
plants have been mistaken for raimite flower cups, and according to Reaumur 
were once actually thus delineated by a naturalist, who was extremely perplexed 
to account for the origin of these singular blossoms. Among the most I'ich and 
elegant forms, are those which belong to the eggs of butterflies, the surface being 
often exquisitely sculptured and profusely adorned with ornaments. Four varie- 
tdea are delineated m drawings 202 ai>d 203 as they appeal- when highly magnified. 





In this giuup a 202, is the egg ol a bnUerfiy called tlip Hipparchia Tilhonus ; it 
is of a dome shiped form strengthened and adorned with longitudinal ribs, sym- 
metncally arranged a d conn d by ! es; c 203, is the egg of another 

kind, the Hipparch a Fu a, and wn d at the top with circular rows of 

scales, oveilapping ea I h Ik h plate of armor or the scales of fishes. 
The same type is obse d n 1 f h Noctua Nupta, at figure b 202, 

where the end of the g p n d to w and towards which numerous 
strongly defined ridges n g B w n hese ridges the surface is deeply 
fluted. The eggs of many insects are jro ded with a small lid or cover, which 
when the young insect within has arrived at maturity it throws off at its will, 
and emerging, trough the opening thus made, from the enclosing shell, enters at 
once upon its new state of existence. In addition to this provision, a curious 
contrivance is found in the egg of a certain species of bug, and which is shown 
at d 208. It consists of a horny substance in the shape of a cross-bow, the 
bow being attached to the lid, and the handle to the upper end of the side of 
the egg. It is snpposed to be designed to facilitate the egress of the young when 
it is ready to leave the shell. 

Haibs. — The hairs of different animals afford beautiful objects for microscop- 
ical examination. Those of the common mouse which are shown in drawings 204 
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b. The hair of the bat 

varieties distinguished from each other 

oipal kinds are deUneated in figures 206 



iize, their diameters ranging from one-two thousandth 
to one-three hundredths of an inch. The chief vari- 
eljes arehereexLibitedof their relative sizes in figures 
204 a and h, and 20S a, and are delineated as tliej 
are seen by ti'ansmitted light ; the real diameter of 
the hair in cut 204 a, is only the sixteen hundredth part 
of an inch. Wben the hairs are viewed by reflected 
light, their appearance is changed, for the solid parts 
then reflect more light than the transparent, and appear 
white,whilethetransparentportions are comparatively 
dark. The appearance presented by a magnified hair 
when viewed by reflected light is shown in figure 205 
difierent from that of the mouse, and consists of many 
form and structure. The two prin- 
id 207. The first represents a collection 




of hairs scattered promiscuously together, each possessing 
would be formed by a series of cones with the points of 
middle of the base of another. The second exhibits a 
ture. i'igure 208 is a white hair from a young cat 
a Siberian fox, and 210, the hair of a common caterp " 





branches ; but the form of these h^rs is different tor every species of citerpillar , 
in some they resemble the spreading plumes of the peiicock's fill, while 
others are adorned with delicate tufts of hair, and bristle with thorns. 
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The Proboscis of the Ox-Flt, — Tbia insect whict is the toiment of cattle 
during the summer inoiitha, and nourishes its h upon then blood « provided 
with a curious apparatus admirably adapted for piercins; the toi^h hicie and im- 
bibing the blood of its victim. The proboSLi* la shown of its n'ltu il size in 
figure 211 ; and a minified view of the me s p es ted n bg 21" 

This member is complex in , , . 

its structure, and is enclosed 
in a fleshy ease, which is re- 
moved in the drawing, in or- 
der that the severafparta may 
be separately exhibited. The 
parts are six in number, be- 
sides the two feelers, a, a, 
which are composed of a spon- 
gy subs twice, fringed with hair. 
They are of a gray color, and 
are capable of motion, each 
being furnished with a joint, pij^j^, ^ 
at the point where it is con- 
nected with the head. 

The ofSce of these append- 
ages is to protect from harm 
the delicate parts of the pro- 
boscis, since they are always 
placed on each side of it whenever a pu u n aJ The 

blades or lancets, 6, i, are the instruments which infliot the wound : in shape 
they are alike, each having the form of a broad knife with a sharp point and 
fine ed|^e, and gradually increasing in thickness towards the back. The parts, 
c, c, termed piercen, are furnished with teeth like a saw, and are supposed to be 
employed for the pui'pose of increasing the size of the wound, and thus obtain- 
ing a more copious supply of blood. It is also im^ined, from being of a hard 
texture, that they likewise serve as a protection to the tube which conveys the 
blood from the wound to, the stomach of the insect, and which would otherwise 
be liable to receive injury. This tube is seen inclosed in its fleshy case, d, with 
a lancet and serrated piercer upon either side. 

The Sucker op the Gitat.^ — The sucker of the gnat appears to the naked 
eye like a sharp needle, finer than a hair, hut under the microscope it jjresenta 
a complicated structure ; and although it has been minutely examined, the most 
distinguished observers have differed in respect fo the number of parts of which 
it is composed. Leuwenhoeck enumerates four parts, Swammerdam six, inclu- 
ding the lip, and Reaumur Jive ; but it has heen supposed that their observations 
might possibly have been made either upon mutilated insects, or upon those of 
different species. As soon as a gnat has settled upon some exposed part of an 
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animal, it puts forth from the sheath of iia sucker a fine point, with which it 
pierces the skin. This point was regai'ded by Swamraerdam as single, inasmucli 
as he was unable to discern the least breadth at the extremity, under the best 
microscopes at bis command, but both Leuwenhoeek and Reaumur discovered it 
to consist of several needles, some of them barbed and serrated. 

In fact, the compound structure is revealed upon pressing the piercer between 
the finger, when the several parts separate from each other. These fine needles 
are inclosed iu a sheath formed of some yielding substance, and divided through- 
out its whole length ; and not only does it shield these slender instruments from 
„ , injury, but also serves to siip- 

'" port and steady them during 

the operation of penetrating 
the skin; answeiing the same 
purpose as the flesliy pro- 
tubei'ances in the proboscis of 
tlie ox-fiy. The sheath is also 
supposed by Swammerdam 
to be employed as a tube, 
through which the insect im- 
bibes theblood that flows from 
the wound. 

A magnified view of the 
several parts is exhibited 
in cut 213, where a re- 
jiresents the sucker in its 
'theath ; b, half of the sheath 
liroken off, in order to show 
the sucker ; and e, the barbed 
point of one hlade of the 
sucker. Incut 214, thesucker 
is displayed so as to exhibit 
its component paita. 

The Proboscis op the Bee — The exquisite instrument, by which the bee col- 
lects fro the fl we J r 1 1 the r ch nectareous food that is necessary for its 
support, IS a most elaboiate structure, and every part admirably subserves the 
purposes for which it was made. It has been most carefully analyzed both by 
Reaumur and Swammerdam; and the latter observer was so struck with the 
proofs of wisdom and benevolent design, revealed in this minute member, that 
at the close of his investigation he breaks forth into the following pious strain : 
" I cannot refrain from confessing, to the glory of the Incomprehensible Archi- 
tect, that I have but imperfectly described and represented this small organ ; for 
to represent it to the life in its full perfection, as truly most perfect it is, far ex- 
ceeds the utmoaf. effort of human knowledge." 
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TUo proboscis of the bee ia 
shown of iU natural size in 
%ure 215, and a magni- 
fied view of the same ia pre- 
sented in figure 216. It is 
here seen to consist of five dis- 
tinct parts, the central stem, 
a, 6, called the tonffue, and 
four other parts arranged in 
pitirs, constituting two sheaths. 
The exterior sheath ia formed 
of the two branches,/, n, ff, k, /; 
and e,o,h,l ; and the interior 
of the parts c, r, x, and d, s, v. 
These sheaths are composed of 
a horny substance, are fringed 
with hair, and provided with 
joints; and fold down upon the 
tongue one over the other, 
forming together in appear- 
ance a single tube, convex out- 
ward, and concave inward, to- 
wards the trunk of the bee, 
The articulations of the outer 
sheath are at g and k, and the 
parts above, which in the iig- 



be folded down at pleasure 
upon the central stem, by 
means of these joints. The 
branches of the intei'ior sheath 
portion being longer than eithi 
outwards, as represented 
apparatus is closed as much 




■e each possessed of three joints, the lower jointed 

er of the other two, which are always kept curved 

the figure at d and e, even when the complex 

supposed by Swaramerdam, that 



these fringed joints aid the bee in the manner of fingers by opening those flower- 
cups that but partially reveal their sweets, and removing obstructions that would 
otherwise prevent the tongue from reaching the inmost recesses of the blossom. 
The upper part of the tongue consists of rings, fringed with circles of hair, and 
it terminates in a small knob, which is aJso fringed. The of&ce of the hair is to 
brush off and secure the honey discovered by the insect in the flower-calls. 
The lower part of the tongue is membranous in its structure, and can be 
greatly distended, and when the bee is collecting its food, form a capacious bag 
for the sweet juices, that are ultimately converted into honey. The insect 
gathers its treasures by lapping them up with this complex instrument from the 
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neetariesoffloners, sweeping witli eqnal facility the round ortlieconcaie suvfaceof 
tie leaves. When a sufficient portion is thus collected, it is first deposited in 
the reservoir just mentioned, and thence conveyed to the honey-stomach, Ai 
soon as the bee has rifled a blossom of ita honey, the several branches of its pro- 
boscis are quickly folded together to protect the more delicate parts from iJyury, 
snd when it is again to be employed, they are as rapidly again expanded. While 
at rest it is doubled up by means of a joint, one branch being brought within 
the lip, and the second secured beneath the head and neck. 






'- Wild I 



—The sting of the wild bee, with its several parts, 
is delineated in figure 217, copied from an en- 
graving of the drawings of Mr. Newport, who ex- 
amined and dissected this organ with the utmost 
care and describes it as follows : " The sting is 
formed of two portions placed laterally together, 
but capable of being separated ; b is the sting, 
the point of which is bent a little upward, and 
becomes curved as shown at d, where the barbs 
are exhibited more highly magnified. They are 
ibont SIX m number and are placed on the un- 
der surface with their points directed backwards. 
At tl e ba^e of thd sting, e, there is a semi-dr- 
cuKr projection ippaiently for the purpose of 
jreipnting thf> i r strum en t from being thrust too 
. out ot the sheath m which it moves ; it has 
hhewjae a hng tendon to which the muscles are 
attached Between these parts, (the sting and 
the sheath ) when brought near to each other, 
venom flows from the orifice at the extrem- 
ity of the poison tube, which comes from the 
antenor poition of the poison-bag, a. lliis bag 
IS of an o^al shape and is not the organ whi<£ 
secretes the venom but is merely a receptacle 
for h idina it since it is conveyed into this re- 
servoir I y means of a long winding tube, which 
receives it h ora the secreting organs at / The 
tubular sheath of the sting is seen at c; it is 
open it it'! base and ilong its upper surface, as 
far as the sen ciraU \i jection befoie mentioned The muscles which move 
the eheath aie distinct fr m those wh ch g ve motion fo the sting. The sting of 
the wild bee resembles that of the iionoy bee 

Fbst. — The last joint of the feet of insects is usually terminated by a claw, 
either single or double, and in the case of spiders it is divided into three branches. 
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A triple claw of a spider is 
smootb, but are armed with 
teeth (fli one side, and pre- 
sent q^uite a formidable ap' 
pearance. The length of 
the tooth, a, the third from 
the end, on the middle hook, 
is the five hundredth part ' 
of an iru:h. 

By the aid of their clav 
insects are enabled to rno 
over rough substances wi 
great facility, either u 
ward or downward, b 
upon polished surfaces tliey 
advance with the utmost 
difficulty. Upon the fore- 
most pair of their feet these 
hooks are bent backiaard, 
on the posteiioi piir for- 
ward, and on the third or 
middle pair, tnward ; thus rendering the position of the insect exceedingly sta- 
ble, and effectually securing it from displacement. The claws are, therefore, 
highly useful to the insect, either in a state of rest or activity. On the feet of 
the larger kinds ot insects, cushions, composed of thick tufte of fine hair, are 
found, which prevent it from receiving injury upon leaping from a considerable 
height. Moreover, these delicate and elastic hairs adapting themselves to the 
asperities on the bodies which the insects frequent, enable the latter to adhere to 
them with much tenacity. But a more efficient apparatus is possessed by some 
of these little creatures, which gives them the power of walking in any position 
upon smooth and glassy surfaces. It consists of suckers, so adapted to the foot, 
that the insect is sustained by the pressure of the air upon the sucker. 

The sucker consists of a thin membrane, capable of expansion and contrac- 
tion, having the edges serrated or notched, so that it can be mide to fit closely 
to surfaces of every shape. The sucker acta in precisely the "^ame manner as 
the circle of leather with a string attached to the centre, which lad* use in their 
sports to take up stones and pebbles, the leather being first wetted in order to 
make it adhere closely to the stone. The common house-fly has two su<-kers to 
each foot, immediately under the root of the claw, and attached bv a nar cw 
neck capable of motion in all directions. These appendages are delineated in 
figure 219, which represents the suckers on the under side of the fo t of a blue 
bottle fly, with the claws of the insect branching over them In the ho se fly 
every foot is provided with three suckers ; and in the yellow spw fy four ■vre 
arranged along the under surface of th« toea, one upon each of the four first 
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JO lit IS 11 fi^uie 220 In a specie ot water-beetle, the male insect is alone 
provided with 1 numerous collection of suckers. The fii'st three joints of the 
feet of tile fore lecp ha^e the form of a shield, the under surface of which 
IS coiered w th sucker> some veiy larftp others small, and a third class exceed- 
ingly minute -ill provided with long hollow stems. Several of the smallest kind 
are exhibited in figure 221, highly magnihed, and having' the appearance of muah- 
rooms with the cups inverted. The coi'reaponding joints of the second pair of 
feet, are likewise studded on the under side with a vast number of minute ap- 
pendages of this character. 

A certain species of grasshopper, called the Aci'idium biiruttulum, is fur- 
nished with a large oval sucker, which is placed between the claws beneath the 
last joint of the foot. The first joint is padded on the lower side with three pairs, 
and the second with one pair of cushions These cushions are tilled with an elastic 
fibrous substance, the texturt, of which is looaei towAids the margin, in order to 
increase the elasticity The several parts aie disphjed in figure 222. By the 
aid of this singular nppaiatus, insects aie enibl^d to traverse with the greatest 
facility the smoothest suilaces, m an inclined ^eitical, or inverted position. 
Thus a fly is seen to walk upon n mirror a ceiling or the under surface of a pane 
of glass, with as much ease ind secunty as upon the top of a table. Indeed, 
when inverted, the weight of the fly oau'ie'i the sucker to adhere more firmly 
than in any other position , inasmuch as the weight of the insect tends to draw 
down thesucker and to increase the v acuum beneath it, and thus to render the pres- 
sure of the atmosphere upon thesuiket propoitiothtllj greater. To this fact has 
been attributed the circumstance, that flies congregate upon the ceiling and re- 
pose there during the night, since the pressure of the air upon the membrane of 
the suckers fixes thera firmly in their resting-place, without any voluntary eSbrt. 

Ante SN-B.— This name is given to certain curious organs possessed by insects 
and erustaceous animals ; the majority of the latter class being endowed with four, 
while CO insect has more than one pair. They are inserted in the head, and, ex- 
cept where the insect has four eyes, are either placed in the space between the 
eyas, or in tha,t immediately beneath them. They are, i'oi- the iiiuat part, formed 
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to admit of motion in all neeeasary direc- 
1 yet tLoi'owglily understood. Many eele- 
y as feelers, that serve to guide the move- 
ess distinguished, consider this office aa 
use of the antennie is to enable the insect 
th organs of hearing. The forms of the 
ny of them are quite elegant and beaa- 
b 'ie organs are delineated ; one, that of 
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1 cockchaffer, is seen expanded like a hand with 6P\en fing'ers 
another exhibits the form of a graceful plume, and a third bears some resem 
blance to a feather. A fourth variety is thick and bushy, like the tail of a cat 
some are fringed with slender arched branches, and others exhibit the form of a 
string of delicate beads studded with minute tufta of hair. Doubtless the great 
divei'sity, in form and structure, which obtdns in these singular organs is needed 
for the well-being and enjoyment of the different little creatures to which they be- 
long: each change in form, size, and figure, or in any other particular, being 
subservient to some wise and benevolent purpose ; and were we but able to ex- 
plore the whole field of research, we should be enabled to trace the bjind of Di- 
vinity in every minute modification. 

Scales or Fishes. — The scales of fishes furnish a great variety of beautiful 
objects for the microscope ; their figures being often extremely elegant, and pre- 
senting a rich diversity of forms. For not only are different fishes possessed of 
different shaped scales, but those that belong to the same iish vary in structure, 
according aa they are found on one or another part of the body. Leuwenboeck 
supposed that each scale was composed of a vast number of minute scales, in rows, 
one layer overlapping another, the largest being next to the fish, and the rest 
gradually diminishing in size : thus forming successive strata from the base to 
the upper edge of the scale. In some scales, when viewed by the microscope, a 
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great nuni'lier of coiicentvioflutings and grooves ai'e discerned, too fine and too Dear 
esch other to be distinctly counted, whieli are formed by the edges of the strata ; 
each liuo denoting, as is supposed, the margin of each stratum and the different 
stages of growth in the scale. These flutings arc often crossed by others pro- 
ceeding from the central portion of the scale, aad terminating at the circumfer- 
ence. The next twelve figures exhibit the structure of the scales of several fishes, 
most of tLem well known. In figui'e 224, is delineated the scale of a species of 
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parrot-fish of its natural size ; and in fiifiire 225 tlie same is shown, as it ap- 
pears when considerably magnifrad. The position of each layer is here indicated 
by t'"- "■■"■— '■"° "io.,:ng ijnea that cover the surface of the scale, and the ribs 
iind ach out from the middle portions, are very strongly marked. 
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Figures 226 and 227 represent the >n;ale of the seaptrch, both magnified and 
of its natural size This acile is broader in pioportion to its length than that 
of the parrot lish, and unhke the latter is destitute of the radial divisions. The 
edges also of the corapoDent strata, is seen in the raagtiihed figure, are not 
hounded by curved lines, but are seriated presenting an appearance Uke the 
teeth of a saw The lower pirt of the scale is likewise notched ilong the edges, 
■which gradually approach eseh other and unite at the base 

A scale of the haddock is delineated in figures 228 and 229, in the first of which 
it appears of its natural size, and the other displays a magnified view of the same. 
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I a abeautiful cale re^e milling a sh eli n f im 

ind the entire surface is c ve ed w tli n rnier 

tus lailial lines crossing the conceiitnc stiata 

A scale of the roach is exhibited of its na 

|[ tural size m figure 230 and the same migDifled 

i shown in figure 231 It is seen to differ 

Htrom ill the preceding scales in mary paiticu 

The broad flutinTs rise fan shaped fiom 

J] the i^ntre of the scale flanked on e tl er aide by 

! concentiic lines which indicate tha 

S position of the edges of the ovei lapping strata 

I These lin i do not terminate at the extieme ra 

I dial branches but pass across them as in the case 

f ol the pairttfi h The lower portion of the 

wi ch IS ippaiently eoverwl with teeth 

nts the 1 )ot of the soale by which the 

J attached to the tjah The distance a 

f the iidiai lines as me'jsiired 

bj the micrometer is mtejiftieih part J an 

^ ESK \^WH-(PnCJ*' ^" figure 2d2 ind 235 inother scile is shown 

WB j WflffflF/^^ ^o^^ '" i'^ '■s^l and magnified dimensions. It is 

V^y ^idJJuL-*^ the icale of the flounder, and resembles in some 

2ia points that of the roach. The series of concentric 

n each side, crossing the radial divisions, are mainly alike, and the fan-like 
flutings are seen in both, only their divergence is far greater in the scale of the 
roach than in that of the flounder. Owing to this circumstance the forms of 
the scales are different, that of the roach being broader than it is long — while in 
the case of the flounder, the length exceeds the breadth. The distance between 
two of the radical lines, a and 6, in figure 233, is the me-tkree hundred and 
tenth part of an inch. 

Figure 234 is a magnified portion of the skin of a sole-fish, viewed by re- 
flected light — the dark ground representing the skin, and the lighter parts the 
upper protruding portions of the scales, which exhibit a beautifully sei-rated ap- 
pearance. Figure 235 is the same, of its natural size. 

The Internal Organs or Kbspiration of the Silk-Worm. — The mode in 
which insects respire, is very diflerent from that which exists among the higher or- 
ders of animals. They are not possessed of lungs, neither do they breathe through 
■the month; but inhale the air through numerous oriSees, called spiracles,y>\t\i 
which are connected respiratory tubes, that extend in minute ramifications to every 
part of the body. These tubes, which are dirided into two classes, consist of 
three coatings. The first, or external envelope, is a membrane ci 
thick, strengthened hy a great number of fibres, which form around it n 
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OU8 irregular circles. The second tunic is a tissue more delicate and transpai-eot, 
wid the tJiird is formed of a cartilaginous thread, wound spirally upon itself. Iq 
figure 236, are exhibited portions of the respiratory tubes of the silk-worm, con- 
ridorably magnified. The fibrous structure is at once perceived, and the end 
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cavities fringed witli hairs, and which are supposed (o be the pare. Below 
the head are three jointed members, which are the feelers and piercer of the 
insect. The piercer eonnista of ft tube and tongue, and on eauh side of the 
latter is a sharp lancet-like blade, with which the flea punctures the skin of ita 

All the legs are fringed with hair, and are terminated by claws. In order to 
leap, the ilea folds up its six legs, and then instantaneously extendiag them, 
makes its spring, exerting its whole strength at one effort. The body of the insect 
ia encased in an envelope consisting of overlapping plates, symmetrical in form 
and arrangement. Along the back and under the belly, the plates are stiiddeu 
with hairs, equally distant from each other, and ranged in a lino along (he middle 
of the plate. The distance between two contiguous hairs in the same row, ia 
about one-five hundredth pari of an inek The plates near the head are likewise 
fiineed ■ndth hairs. 
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The strength of the flps 13 very great for at the fur of f harltcn in Kent in 
the year 1830 i wad exhibited thiee fleas harnessed to a curia^e (itty timea 
their own bulk which ihfi pullel ilong with great ease , anothei p-iir drew •» 
carnve ii'd a s n^le flea a brass cannon 

A MiTB Magnified. — Upon carefully viewing with the naked eye the fine dust 
of figs, or decayed portions of old cheese, round, living specks will frequentlj be 
seen, moving slowly and with difficulty among the atoms by which they are sur- 
rounded. These speclts have received the name of mites, and are so small that 
they easily elude observation. When magnified under the solar microscope, their 
images are seen moving around upon the screen, endeavoring to avoid the glare of 
the light. They then appear of considerable dimensions, and their several mem- 
bers and parts are distinctly revealed. A magnified mite is delineated in figure 
238. Each of its numerous legs are seen to consist of several joints ; its body 
is oval, tapering towards the head, which is furnished with antennae, and ito 
surface is covered with numerous long and slender hairs. It is naturally a dis- 
gusting creature, and the unpleasant associations connected with it render it still 

Globules op Blood. — When a drop of flowing blood is taken from the veins 
of an animal and spread over a glass slide, it is seen to consist of a fluid, to- 
gether with numerous rounded particles termed globules. These globules enable 
tlve observer to detect the motion of the blood, to establish the fact of its circula- 
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tion, and to mark its course as it speeds along through the arteries and veins. 
The globules are very abundant in the blood, each drop being filled with many 
thousands, and yet, small as they are, they have been accurately studied and ex- 
amined. They are divided into three kinds, the red and white globules, and other 
smaller atoms, which have received the name of molecules. The red globules far 
excel the white in number, and appear, as they roll through the centre of the blood- 
vessels, to constitute the greater portion of the fluid. 

■ In man and in most Mammalia, these atoms possess a round, flattened form, 
like that of a coin, with a slight depression towards the centre. The position 
of thi? depression is indicated by a dark spot, and its depth depends upon the 
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;ure 239, the red disks of the human Wood nre 
( they are revealed when subjected to a high 
magnifjring power. They are here seen promiscuously scatr 
tered ovei' the surface, though they are often beheld united 
together l.j their flat sui-fiices, and forming little bead-like 
vs of crimson atoms. The central depression is distinctly 
ibie in the several atoms. The size of the red globules 
IS subject to mucii variation, even in the same animal. In 
human blood it ranges, according to the best authoritJea, from 
(me-thirty-Jwe kundredik part of an inch to one-forty'five 
hundredth, though an eminent observer has found tieir 
average diameter to be as great as one-twenty eight hundredth of an inch. 
Their size in the elephant is about orte-twenty-seven hundredth of an inch, and 
in the napu-musif deer only one-twelve thousandth. 

The btood-disks in birds, reptiles, and fishes, differ from those of Manimalia, in 
being larger, and rheir shape is also oeal instead of round; moreover, in place of 
being depressed at the middle, they swell out on either side,. owing to the fact 
that the centre of the atom is composed of matter more solid than the other 
portions. In birds, the length of the ova! disk varies from one-sevetiteen hun- 
dredth of an inch to one-twenty-four hundredth, and the bi'eadth from one-three 
thousandth of an inch to one-forty-eigkt thousandth. In the case of frogs, the 
longer diameter Is about one-thousandth of an inch in extent, while in fishes 
these globules are for the most part larger than those of the frog. The white 
globules in man and the Manimalia, are usually larger than the red, but like the 
latter, they differ in magnitude. Their average size, when examined in the blood, 
is estimated at about one-twenty-six hundredth part of an inch. In the blood of 
reptiles, and in that of the frog in particulai', the relation that exists as to size be- 
tween the red and white globules, is reversed ; the latter being in these cases 
two or three times smaller than the former. These two classes of atoms differ 
also in respect to form, since the white blood particle is always globular through- 
out the whole animal kingdom : a nucleus, consisting. of matter more solid than 
the rest, is also found in the white globule, instead of a centra! depression as 
detected in the red. 

The third clase of atoms, termed molecules, have been regarded as the ele- 
ments out of which the other two kinds are formed. They are found in great 
quantities amid the blood, existing singly, and also in small masses of an irregular 
form. Their minuteness fer surpasses that of the other atoms, since they scarcely 
ever exceed in diameter one-thirty thousandth part of aw ineh. 

The Wbb op the Fboo'b Foot. — When the web of a frog's foot is examined 
with a high mi^nifying power, it exhibits a beautifully tesselated ground, inter- 
sected by blood-vessels and minute capillaries, that wander over its surface.. In 
tbesB the circulation of the blood is distinctly seen, the fluid coursing swiftly 
tliroiigh the arteries, but moving with less velocity through the veins. The red 
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umbels ind in the minute ramifications of the ves- 
1 single row w th heie iind there a white globule 
ire than half ^s lirge as the red oval disks. 
s not uniform , foi the current is observed to be 
subject to sudden momentary cheeks, after which it aa;ain flows on with its for- 
In figure 240, is dehneated a portion of the web of a frog's foot, 
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magnified thjee hundred and fifty diameters The web has the appearance of 
mosaic work, being duided into beautiful heiagonU figuies with a nucleus in 
the centre of each The most minute 'annfications of the blood-vessels are here 
seen standing prominently foith, and withm them the blood globules are clearly 
revealed — the hrge oval di-ks repiesenting the red dtoms, and the small round 
ones the colorless particles An idea m^y be eimei of the size of the oapilla- 
' IS by lecoUectm^ the length of the red globules in the blood of the frog. 



Pollen — The pollen of floner'% which appears aa a fine dust lo the unas- 
sisted eye, is shunn by the mioroscjpe to be in issemblage of os^anized 
bodies, possessing regulai fi!>urea ^nd larj rtf in "w, form, and color, according 
as they are t-iken fiom lifftient j hnts Ihe toloi ot the pollen is usually yel- 
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